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EXECUTIVE SUMMARY 
 

This Sampling and Analysis Plan (SAP) presents the methodologies to be used for collecting data that will 

be utilized for determining the nature and extent of contamination related to past activities that have 

resulted in what are considered releases under the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) at Tank Farm 3 (Site 11), which is part of Naval Station 

(NAVSTA) Newport (formerly the Naval Education and Training Center [NETC] Newport).  The data 

collected is also expected to be used to estimate whether risks from exposure of human and ecological 

receptors to site contaminants merit actions to further investigate or mitigate the risks, in an effort to 

protect human health and the environment.  

 
NAVSTA Newport is located in the Towns of Newport, Middletown, and Portsmouth, Rhode Island, 

approximately 25 miles southeast of Providence.  Tank Farm 3 (the Site) is situated at the southwestern 

portion of Portsmouth, Rhode Island, near the eastern shore of Narragansett Bay (Figure 1).  

 
The Site is approximately 40 acres in size and is bordered by the Navy’s Defense Highway to the 

northwest; Raytheon’s Submarine Signal Division plant to the northeast, Bayview Estates (residential 

condominiums) to the southeast, and newer residential properties to the southwest (Figure 2).  The Site 

consists of an upland area in the south central portion and a wetland area located along the 

eastern/northeastern boundary of the Site.   

 
The Site is occupied by seven underground storage tanks (USTs) formerly used for bulk storage of 

petroleum products and the support buildings/structures/piping associated with the petroleum storage and 

distribution facility.  The Site was used for the storage and distribution of petroleum products from the 

early 1940s until 1998.   

 
The Defense Energy Support Center (DESC) operated the Site between 1974 until the 1990s, when the 

USTs were emptied and cleaned.  Environmental investigations and remediation at the Site have 

previously occurred under the Rhode Island Department of Environmental Management (RIDEM) site 

remediation regulations by entities under contract to the DESC  because the nature of the contaminants 

were primarily petroleum.  The Navy has evaluated the previous data collected at the Site to determine 

the path forward to eventual site closure.   

 
In accordance with decisions made by the Project Team, the Site has been broken up into Category 1 

(CERCLA-regulated) areas and Category 2 (RIDEM UST Division regulated) areas.  Also, RIDEM has 

identified several other areas of potential concern for which the scope of investigation has not been 

determined.  The Category 3 areas will be further evaluated to determine if additional investigation of 

these areas, if any, will be performed as a Category 1 or Category 2 area.    
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This SAP addresses only Category 1 Areas.  Based on a review of historical environmental investigations 

and remediation performed at the Site, data gaps for three Category 1 areas were identified.  The 

Category 1 areas that will be further characterized under this SAP are: 

 
 a former sand filter/burning chamber, also known as Area of Concern (AOC) 001; 

 an electrical transformer area; also known as AOC 020, and 

 an electrical control house (ECH), also known as Building 227.   

 
Tank bottom sludge was previously deposited and burned without controls within the former sand 

filter/burn chamber (AOC 001).  This sand filter was also used to collect groundwater from around the 

USTs.  The sand filter has been cleaned and investigated/remediated with respect to environmental 

impacts by DESC.  However, those efforts focused on contamination by total petroleum hydrocarbons 

(TPH).  Following remediation of TPH-impacted soil, it was concluded that some TPH remains in two 

locations around the concrete sand filter structure.   

 
Based on this information, additional data is necessary with respect to delineation of CERCLA 

contamination of soil near the sand filter, groundwater in the vicinity of the sand filter, and sediment in the 

area where the sand filter appears to have discharged to the wetlands around Lawton Brook.  Soil and 

sediment will be sampled and analyzed for volatile organic compounds (VOCs), polynuclear aromatic 

hydrocarbons (PAHs), metals, and dioxins and furans (dioxins).  Additionally, at the request of RIDEM, 

soil and sediment samples will be analyzed for TPH (gasoline-range organics [GRO] and extractable TPH 

[ExTPH]).  Groundwater will be sampled and analyzed for VOCs, PAHs, and metals.   

 
The electrical transformer area (AOC 020) is an area where a former transformer blockhouse was once 

present, and replaced with two pad-mounted electrical transformers.  Previous environmental 

investigation in this area indicated the presence of polychlorinated biphenyls (PCBs) in soil.  Based on the 

use of this area for electrical equipment and the presence of PCBs, additional sampling and analysis will 

be performed in this area to characterize the nature and extent of PCB contamination in soil and to 

confirm previous results that did not detect PCBs in groundwater.   

 
The ECH (Building 227) houses electrical equipment, including a transformer and presumably batteries, 

for the former operation of the tank farm.  The routine operation and maintenance of electrical equipment 

in this building could have resulted in a release to the environment of PCBs (from transformer oil) and/or 

metals (from batteries).  Previous environmental investigations in this area were primarily focused on 

analyzing soil samples for TPH.  Due to the nature of potential for releases as this location, additional soil 

sampling and analysis will be performed to determine if a release to the environment occurred, and to 

characterize the nature and extent of that contamination, if present.  The analyte list for soil includes 

PCBs and metals and at the request of RIDEM, soil samples will also be analyzed for TPH (GRO and 

ExTPH).  Groundwater sampling and analysis will also be performed to determine if a potential release 

has impacted groundwater quality.   
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Following completion of the investigation, the Navy will prepare a Data Gaps Report.  This document will 

summarize the investigation activities, describe any issues encountered in the field along with corrective 

actions taken, provide tables comparing soil, sediment and groundwater sample results to screening 

levels, and provide figures depicting the locations sampled and the spatial distribution of contaminants.  If 

concentrations of contaminants found indicate a potential for risk as described in this SAP, the project 

team will convene and determine the next steps.  
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Acronyms 

 
AOCs  Areas of Concern 
BFB  bromofluorobenzene 
bgs  Below Ground Surface 
BTAG  Biological Technical Assistance Group 
°C  Celsius 
CCV  Continuing Calibration Verification 
CDD  Chlorinated Dibenzo-p-Dioxins 
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CERCLA  Comprehensive Environmental Response Compensation and Liability Act 
CFR  Code of Federal Regulations 
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g   Grams 
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GIS   Geographic Information System 
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GRO  Gasoline Range Organics 
HASP  Health and Safety Plan 
HAZWOPER Hazardous Waste Operations and Emergency Response 
HCI   Hydrochloric Acid 
HQ  Hazard Quotient 
HSM  Health and Safety Manager 
IAS   Initial Assessment Study 
ICAL  Initial Calibration 
ICS   Interference Check Sample 
ICV   Initial Calibration Verification 
IDW  Investigation-Derived Waste 
IR  Installation Restoration 
JP  jet propulsion 
Katahdin  Katahdin Analytical Services 
L  Liter 
LCS  Laboratory Control Sample 
LOD  Limits of Detection 
LOQ  Limits of Quantitation 
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MCL  Maximum Contaminant Level 
MEK  2-Butanone 
mg/kg  Milligrams per Kilogram 
mg/L  Milligrams per Liter 
MIBK  4-Methyl-2-pentanone 
mL  Milliliters 
MLW  Mean Low Water 
MPC  Measurement Performance Criteria 
MS  Mass Spectrometer 
MS  Matrix Spike 
MSD  Matrix Spike Duplicate 
NA  Not Applicable 
NAD  North American Datum 
NAVFAC  Naval Facilities Engineering Command 
NAVSTA  Naval Station Newport 
NETC  Naval Education and Training Center 
NGVD  National Geodetic Vertical Datum 
NIRIS  Naval Installation Restoration Information Solutions 
NOAA  National Organic Atmospheric Administration 
ORP  Oxygen Reduction Potential 
OSHA  Occupational Safety and Health Administration 
OWS  oil-water separators  
oz   Ounce 
PAH  Polynuclear Aromatic Hydrocarbon 
PCB  Polychlorinated Biphenyl 
PID   Photo Ionization Detector 
pg/g  Picogram per gram 
PM   Project Manager 
PPE  Personal Protective Equipment 
ppm  parts per million     
PQO  Project Quality Objective 
PSL  Project Screening Level 
QA   Quality Assurance 
QAM  Quality Assurance Manager 
QC   Quality Control 
RDEC  Residential Direct Exposure Criteria 
RF   Response Factors 
RI   Remedial Investigation 
RIDEM  Rhode Island Department of Environmental Management 
RPD  Relative Percent Difference 
RPM  Remedial Project Manager 
RRT  Relative Retention Time 
RSD  Relative Standard Deviation 
RSL  Regional Screening Level 
RT   Retention Time 
RTC  Response to Comment 
SAP  Sampling and Analysis Plan 
SASE  Study Area Screening Evaluation 
SCV  Secondary Chronic Levels 
SDG  Sample Delivery Group 
SIM   Selected Ion Monitoring 
SIRAR  Site Investigation and Remedial Action Report 
SL   Screening Levels 
SOP  Standard Operating Procedure 
SPCC  System Performance Check Compound 
SQB  Sediment Quality Benchmarks 
SQL  Structured Query Language 
SQuiRT  Screening Quick Reference Tables 
SSL  Soil Screening Level 
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SSO  Site Safety Officer 
SVOC  Semi-Volatile Organic Compound 
TBD  To-Be Determined 
TEF  Toxicity Equivalency Factor 
TEQ  Total Toxicity Equivalency  
TPH  Total Petroleum Hydrocarbon 
TVOC  Total Volatile Organics 
TVPH  Total Volatile Petroleum Hydrocarbons 
UCL  Upper Confidence Limit 
UFP-QAPP  Uniform Federal Policy for Quality Assurance Plans 
USEPA  U.S. Environmental Protection Agency 
UST  Underground Storage Tank 
VI   Vapor Intrusion 
VISL  Vapor Intrusion Screening Level 
VOC  Volatile Organic Compound 
WHO  World Health Organization 
.PDF  Portable Document Format 
µg/kg  micrograms per kilogram 
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Contractor Name: Tetra Tech  
Contract Number: N62470-08-D-1001 
Contract Title: Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic 
 Comprehensive Long-Term Environmental Action Navy (CLEAN) 
Work Assignment Number (optional): Contract Task Order (CTO) WE59 
 
1.  This SAP was prepared in accordance with the requirements of the Uniform Federal Policy for Quality 

Assurance Plans (UFP-QAPP) (U.S. Environmental Protection Agency [USEPA], 2005) and EPA 
Guidance for Quality Assurance Project Plans, EPA Quality Assurance (QA)/G-5, Quality Assurance 
Manager (QAMS) (U.S. EPA 2002a).  

 
2.  Identify regulatory program:  Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 (CERCLA).   
  
3.  This SAP is a project-specific SAP.  
 
4.  List dates of scoping sessions that were held:    
 Date 
Introductory Session - Tetra Tech, & Mid Atlantic  10/21/2010 
Introductory Session (Remedial Project Manager [RPM] 
Meeting) – Tetra Tech, Mid Atlantic, USEPA Region I, 
Rhode Island Department of Environmental Management 
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5.  List dates and titles of any SAP documents written for previous site work that are relevant to the 

current investigation.  
 
  Title Date      
Work Plan for Site Closure, Tank Farm 3, Foster Wheeler Environmental 
Corporation. August 2002 
  
  
  
  

 
6. List organizational partners (stakeholders) and connection with lead organization:   
 
USEPA, Regulatory Oversight  NAVFAC, Mid-Atlantic – Responsible Party 
RIDEM, Regulatory Oversight  Tetra Tech, Contractor to NAVFAC 
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7. Lead organization 
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8. If any required SAP elements or required information are not applicable to the project or are provided 

elsewhere, then note the omitted SAP elements and provide an explanation for their exclusion below:  
 
None 
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SAP Worksheet #4 -- Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 
 
Project personnel who are responsible for implementing portions of the SAP will be provided copies of the applicable SAP sections.  Their signatures or email 
receipt date will indicate that they have read the applicable SAP sections and will perform the tasks as described.  If only a portion of the SAP was reviewed, then 
personnel should note which sections were reviewed. 
 

 
Name 

 
Organization/Title/Role 

 
Telephone 

Number 
(optional) 

 
Signature/email receipt 

 
SAP Section 

Reviewed 
 

 
Date SAP Read 

Dabra Seiken Tetra Tech/PM/general project 
management 978-474-8400 See Worksheet #1 All  

Robin Clark Tetra Tech/FOL/Project 
Geologist, and SSO 978-474-8400  All  

Tom Johnston 
Tetra Tech/QAM/quality 
assurance management, data 
quality review oversight 

412-921-8615 See Worksheet #1 All 
 

Kelly Carper 

Tetra Tech/Project Chemist/ 
laboratory procurement 
oversight, data quality review, 
and chemistry support 

412-921-7090 

 
All 

 

Amy Carey 
Tetra Tech/Field Sample 
Collection Specialist/ Sample 
collection, shipment 

978-474-8400 
 

All 
 

Gary Glennon 

Tetra Tech/Database 
specialist/Geographic 
Information System (GIS) and 
analytical data presentation 
and analysis 

978-474-8400 

 

All 

 

Kelly Perkins Katahdin/PM/Manages project 207-874-2400 
 Worksheets #15, 19, 

20, 23, 24, 25, 28, 
30, 34 

 

Nilo Ligi TestAmerica/PM/Manages 
project 

916-374-4427 
 

 Worksheets #15, 19, 
20, 23, 24, 25, 28, 

30, 34 
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SAP Worksheet #5 -- Project Organizational Chart 
(UFP-QAPP Manual Section 2.4.1) 
 
                 Lines of Authority               Lines of Communication 
 
 
  
  
 
 
 
 
 
 
 
 
  
 
 
  
 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 

Kymberlee 
Keckler 

EPA              
RPM             

617-918-1385 
 

Pamela 
Crump RIDEM              

RPM            
401-222-2797 

Deborah Moore 
NAVY                  

IR Program 
Contact        

 401-841-1790 
 

Matt Soltis 
Tetra Tech 
Health and 

Safety 
Manager     

412-921-8912 

Kelly Carper 
Tetra Tech 

Project 
Chemist412-

921-7090 

Roberto Pagtalunan 
PE NAVY                         

RPM                            
757-341-2010 

Dabra Seiken  
Tetra Tech  

Project Manager       
 978-474-8400 

 

TBD                 
NAVY                   

QA Officer  
 

 

Gary 
Glennon 

Tetra Tech     
Data Manager 
978-474-8400 

Robin Clark 
Tetra Tech 
FOL/Project 

Geologist /SSO  
978-474-8400 

Amy Carey 
Tetra Tech 
Field crew 
member 

Nicole Cofrin 
Tetra Tech         

GIS specialists  
 

Tom Johnston 
Tetra Tech 

Program QAM 
412- 921-8615 

Nilo Ligi 
Test America 

Project 
Manager    

916-374-4427 

Kelly Perkins 
Katahdin 
Analytical 

Services, Inc.          
Project Manager  
207-874-2400 
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SAP Worksheet #6 -- Communication Pathways 
(UFP-QAPP Manual Section 2.4.2) 

 

Communication Drivers Responsible Affiliation Name Phone Number 
and/or e-mail Procedure  

Regulatory Agency Interface Tetra Tech PM Dabra Seiken 978-474-8400 

PM will notify the EPA and RIDEM RPMs at 
least 48 hours prior to commencement of 
field activities and 24 hours prior to a 
change in schedule.  PM will provide 
regulators with weekly field updates via e-
mail, including activities performed that 
week and a schedule of planned activities 
for the following week.  PM will notify 
regulators via e-mail within 48 hours after 
receipt of a signed concurrence letter from 
the Navy RPM to change the scope of work, 
and prior to execution of the work. 

Scheduling of utility clearances and access to 
base FOL Robin Clark 978-474-8400 

FOL coordinates by phone (or e-mail) with 
Dig Safe and Naval Station Newport Utility 
clearance prior to sampling activities 

SAP amendments Navy RPM  Roberto Pagtalunan 757-341-2010 

Navy RPM sends scope change within 1 
week of recognizing need for SAP 
amendment to Tetra Tech Program office 
prior to implementing any changes in 
scope. 

Changes in schedule Tetra Tech PM Dabra Seiken 978-474-8400 

FOL informs PM by phone within same day 
of recognizing need for change; PM informs 
RPM by phone within 24 hours and 
prepares schedule concurrence letter, if 
deemed necessary by the RPM and PM. 

Issues in the field that result in changes in scope 
of field work 

Tetra Tech FOL 
 

Robin Clark 
 

978-474-8400 
 

FOL informs Tetra Tech PM by phone 
within same day of identifying field issue. 
PM approves change same day, if 
warranted.  Document via FMR form, within 
2 business days.  

Issues in the field that result in changes in scope 
of work 

Tetra Tech FOL 
Tetra Tech PM 

Robin Clark 
Dabra Seiken 

978-474-8400 
978-474-8400 

FOL informs PM by phone within same day 
of identifying issue; PM informs RPM by 
phone within 24 hours, if warranted. PM 
sends a concurrence letter to Navy RPM, if 
warranted, within 7 days. RPM signs the 
letter within 5 days of receipt.  Scope 
change is to be implemented before work is 
executed. Document the change on a FMR 
form. 
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Communication Drivers Responsible Affiliation Name Phone Number 
and/or e-mail Procedure  

Recommendations to stop work and initiate 
corrective action 

Tetra Tech FOL/SSO 
Tetra Tech PM 
Tetra Tech QAM 
Navy RPM 

Robin Clark 
Dabra Seiken  
Tom Johnston 
Roberto Pagtalunan 

978-474-8400 
978-474-8400 
412-921-8615 
757-341-2010 

Responsible Party informs PM, FOL, and 
subcontractors verbally within 1 hour on 
recommendation to stop work and within 24 
hours of recommendation to restart work.  
Responsible party follows verbal notification 
with an email to Project Team within 24 
hours.  

Analytical data quality issues 

Katahdin PM 
TestAmerica PM 
Tetra Tech Project Chemist 
Navy RPM 

Kelly Perkins 
Nilo Ligi 
Kelly Carper 
Roberto Pagtalunan 

 
207-874-2400 
916-374-4427 
412-921-7090 
757-341-2010 

The Laboratory PM will notify (verbally or 
via e-mail) the Tetra Tech Project Chemist 
within one business day of when an issue 
related to laboratory data quality is 
discovered. 
 
The Tetra Tech Project Chemist will notify 
(verbally or via e-mail) the data validation 
manager (DVM) and the Tetra Tech PM 
within one business day. 
 
Tetra Tech Project Chemist notifies Tetra 
Tech PM verbally or via e-mail within 48 
hours of validation completion that a non-
routine and significant laboratory quality 
deficiency has been detected that could 
affect this project and/or other 
projects.  The Tetra Tech PM verbally 
advises the NAVFAC RPM within 24 hours 
of notification from the project chemist. The 
NAVFAC RPM takes corrective action that 
is appropriate for the identified 
deficiency.  Examples of significant 
laboratory deficiencies include data 
reported that has a corresponding failed 
tune or initial calibration verification. 
Corrective actions may include a consult 
with the NAVFAC Navy Chemist. 

Note: Telephone notifications to be documented via email. 
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SAP Worksheet #7 -- Personnel Responsibilities Table 
(UFP-QAPP Manual Section 2.4.3) 

 
Name 

 
Title/Role 

 
Organizational 

Affiliation 
 

Responsibilities 

Roberto Pagtalunan RPM/Manager Navy, NAVFAC Mid 
Atlantic 

Oversees project implementation, including contract management. scoping, data review, and 
evaluation. 

Kymberlee Keckler EPA RPM/Manager USEPA Region I Participates in scoping, data review, evaluation, and review of the SAP.  Oversees project 
execution for USEPA. 

Pamela Crump RIDEM 
RPM/Manager 

RIDEM, Division of 
Site Remediation 

Participates in scoping, data review, evaluation, and review of the SAP.  Oversees project 
execution for RIDEM. 

Dabra Seiken PM/Lead 
Hydrogeologist Tetra Tech 

As PM, oversees project, financial, schedule, and technical day to day management of the project. 
Provides technical review of interpreted data. 
As Lead Hydrogeologist, supervises field work and preparation of geological interpretation and text. 

Robin Clark FOL/Project 
Geologist/SSO Tetra Tech 

As FOL, supervises, coordinates, and performs field sampling activities. 
As Project Geologist, assimilates geological data, prepares geological interpretation and text. 
As SSO, is responsible for staff training and monitoring site conditions related to personnel safety.  
Details of the SSO’s responsibilities are presented in the site-specific Health and Safety Plan 
(HASP). 

Tom Johnston QAM/Manager Tetra Tech Ensures quality aspects of the CLEAN program are implemented, documented, and maintained. 

Matt Soltis 
Health and Safety 

Manager 
(HSM)/Manager 

Tetra Tech Oversees Tetra Tech CLEAN Program Health and Safety Program. 

Joe Samchuck 
Project 

Chemist/Technical 
reviewer 

Tetra Tech 
Participates in project scoping, prepares laboratory scopes of work, and coordinates laboratory-
related functions with laboratory.  Oversees data quality reviews and quality assurance of data 
validation deliverables. 

Kelly Perkins Laboratory 
PM/Manager Katahdin Coordinates analyses with laboratory chemists, ensures that scope of work is followed, provides 

Quality Assurance (QA) of data packages, and communicates with Tetra Tech project staff. 
TBD Laboratory 

PM/Manager Test America 

Gary Glennon Data Manager Tetra Tech Consolidates data in database. Analyzes and presents analytical data. Maps or oversees mapping 
of data in GIS or other system. 

Amy Carey 
Staff 

scientists/Technical 
support 

Tetra Tech Collect, package, and ship samples in accordance with the SAP.  Assimilates analytical data and 
prepares text regarding nature and extent of contamination. 

Nicole Cofrin 
GIS 

Specialist/Graphics 
support 

Tetra Tech Map data in GIS. 
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SAP Worksheet #8 -- Special Personnel Training Requirements Table 
(UFP-QAPP Manual Section 2.4.4) 

  

Each site worker will be required to have completed appropriate Hazardous Waste Operations and Emergency Response (HAZWOPER) training specified 
in Occupational Safety and Health Administration (OSHA) 29 Code of Federal Regulations (CFR) 1910.120 (e).  Project-specific safety requirements are 
addressed in greater detail in the site-specific HASP.   
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SAP Worksheet #9 -- Project Scoping Session Participants Sheet 
(UFP-QAPP Manual Section 2.5.1) 
 
 
Project Name: Data Gaps 
Assessment 
Projected Date(s) of Sampling:  
November to December 2012 
________________________ 
 
Project Manager: Dabra Seiken 
 

 
Site Name: Tank Farm 3, NAVSTA Newport 
 
Site Location: Portsmouth, Rhode Island 
 

 
Date of Agreement:  October 21, 2010 
Purpose: Develop project quality objectives using EPA DQO process 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Roberto 
Pagtalunan RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2010 roberto.pagtalunan@navy.mil RPM 

Winoma 
Johnson RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2008 Winoma.johnson@navy.mil 

RPM and 
Team 
Leader 

Stephen 
Parker PM  Tetra 

Tech 
978-474-
8400 Stephen.Parker@tetratech.com Facility 

coordinator 
 
Comments/Decisions: Agreed to approach site using same methodology as Tank Farm 4/5 sites, where 

hazardous materials releases are addressed as Category 1 under CERCLA, and fuel 
/ petroleum and related releases are addressed as Category 2 under RIDEM 
Underground Storage Tanks (UST) regulations.   It was agreed that petroleum 
hydrocarbons would not be in the sampling and analysis plan in the Category 1 areas 
because the components of petroleum hydrocarbons that contribute to the site risk, 
are quantified by sampling and analysis for the specific components.  At the tank farm 
sites, area on concerns (AOCs) where uncontrolled burning of sludge is suspected 
will be Category 1 areas.  

 
     Use of Category 3 is uncertain. 
 
Action Items:   None 
 
Consensus Decisions: None 
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Project Name: Data Gaps 
Assessment 
Projected Date(s) of Sampling: 
November to December 2012 
________________________ 
 
Project Manager: Dabra Seiken 
 

 
Site Name: Tank Farm 3, NAVSTA Newport 
 
Site Location: Portsmouth, Rhode Island 
 

 
Date of Session:  January 13, 2011 
Scoping Session Purpose: Establish concurrence on the need for sampling and analysis at AOC 001 
(former burn chamber) and develop framework for sampling and analysis. 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Roberto 
Pagtalunan RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2010 roberto.pagtalunan@navy.mil RPM 

Robert Lim RPM USEPA 617-918-
1392 lim.robert@epa.gov RPM 

Gary 
Jablonski RPM RIDEM 401-222-

2797 Gary.Jablonski@dem.ri.gov RPM 

Dabra Seiken PM  Tetra 
Tech 

978-474-
8445 dabra.seiken@tetratech.com PM 

 
Comments/Decisions: In EPAs September 29, 2010, comments on the Draft Study Area Screening 

Evaluation (SASE), the EPA stated that sediment additional characterization is 
required at AOC 001 to fill a data gap.   

 
 In the Navy’s January 13, 2011, response to EPAs comments on the Draft SASE, 

the Navy agreed to collect additional soil samples to characterize this AOC. 
 

 In the EPAs February 17, 2011, letter, responses to Navy’s responses to 
comments, were provided which indicated that sampling around the former burn 
chamber along the discharge line from the former burn chamber would be 
required, and Polynuclear Aromatic Hydrocarbons (PAHs) and dioxins should be 
included as analytes.   
 

 In the Navy’s April 28, 2011, response to the EPAs February 17, 2011 letter, the 
Navy agreed to sampling and analysis described in the EPAs February 17, 2011, 
letter.     

 
Action Items:   None 
 
Consensus Decisions: None 
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Project Name: Remedial 
Investigation (RI) 
Projected Date(s) of Sampling: 
November to December 2012 
________________________ 
 
Project Manager: Dabra Seiken 
 

 
Site Name: Tank Farm 3, NAVSTA Newport 
 
Site Location: Portsmouth, Rhode Island 
 

 
Date of Session:  November 17, 2010 
Scoping Session Purpose: RPM Meeting.  Determine under which regulatory program AOC 20 (transformer 
area) will be investigated and which media will be targeted for sampling and analysis. 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project Role 

Dabra Seiken Project 
Manager  

Tetra 
Tech 

978-474-
8400 Dabra.Seiken@tetratech.com PM, Lead 

Geologist 

Roberto 
Pagtalunan RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2010 roberto.pagtalunan@navy.mil RPM 

Kymberlee 
Keckler RPM USEPA 617-918-

1385 kymberlee.keckler@epa.gov RPM 

Stephen 
Parker PM Tetra 

Tech 
978-474-
8400 

Stephen.Parker@tetratech.co
m 

Facility 
coordinator 

Gary 
Jablonski RPM RIDEM 401-222-

2797 Gary.Jablonski@dem.ri.gov RPM 

 
 
Comments/Decisions: 
 

 Navy provided a recommendation in the July 2010 Draft SASE, regarding which 
areas required further investigation under CERCLA-regulations (Category 1) and 
under the RIDEM Division of Site Remediation (Category 3).   
 

 In the November 17, 2010, RPM meeting the EPA stated that they believed the 
investigation of the transformer area should be performed under CERCLA 
authority (Category 1). 

 
 In the Navy’s January 13, 2011, response to EPAs comments on the Draft SASE, 

the Navy agreed to perform the investigation of the transformer area under 
CERCLA authority (Category 1), and agreed to collect additional soil sampling for 
polychlorinated biphenyls (PCBs) for characterization of this area. 

 
 In the EPA’s February 17, 2011, responses to the Navy’s January 13, 2011, 

Response to Comments (RTCs), the EPA indicated that groundwater sampling 
for PCBs would be warranted in the transformer area. 

 
 In the Navy’s April 28, 2011, response to the EPAs February 17, 2011 letter, the 

Navy agreed to groundwater PCB sampling and analysis in the transformer area.     
      
Action Items:   None 
 
Consensus Decisions: None 
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Project Name: RI 
Projected Date(s) of Sampling: 
November to December 2012 
________________________ 
 
Project Manager: Dabra Seiken 
 

 
Site Name: Tank Farm 3, NAVSTA Newport 
 
Site Location: Portsmouth, Rhode Island 
 

 
Date of Session:  March 16, 2011 
Scoping Session Purpose: Establish concurrence that investigation is warranted in the Building 227 Electical 
Control House (ECH) area 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project Role 

Dabra Seiken PM Tetra 
Tech 

978-474-
8400 Dabra.Seiken@tetratech.com PM, Lead 

Geologist 

Roberto 
Pagtalunan RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2010 roberto.pagtalunan@navy.mil RPM 

Kymberlee 
Keckler RPM USEPA 617-918-

1385 kymberlee.keckler@epa.gov RPM 

Gary 
Jablonski RPM RIDEM 401-222-

2797 Gary.Jablonski@dem.ri.gov RPM 

 
 
Comments/Decisions:   
 

 In an email from RIDEM (dated December 23, 2010), RIDEM indicated that 
Building 227 should be investigated for releases to the environment.   
 

 In an email response (dated March 3, 2011) from Tetra Tech, Navy agreed to 
investigate this area by performing limited sampling and analysis of soil in the 
vicinity of Building 227. 
  

 During the March 16, 2011, RPM meeting, a general concurrence was reached 
that the investigation of Building 227 would be performed under CERCLA 
authority because it is a former ECH and the potential contaminants would be 
CERCLA regulated.   
 

 In an email from RIDEM (dated March 23, 2011) RIDEM indicated that Building 
227 plans should be reviewed, the inside and outside of the building should be 
investigated for possible sources and sampling and analysis should include 
PCBs, mercury, arsenic, and lead at any and all entrances and on all four sides 
of the building because these chemicals are potentially related to site operations.   

     
Action Items:   None 
 
Consensus Decisions: None 
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Project Name: RI 
Projected Date(s) of Sampling:  
November to December 2012 
________________________ 
 
Project Manager: Dabra Seiken 
 

 
Site Name: Tank Farm 3, NAVSTA Newport 
 
Site Location: Portsmouth, Rhode Island 
 

 
Date of Agreement:  January 13, 2011 
Purpose:  Establish concurrence that further investigation is warranted in Lawton Brook.  
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project Role 

Dabra Seiken PM  Tetra 
Tech 

978-474-
8400 Dabra.Seiken@tetratech.com PM, Lead 

Geologist 

Roberto 
Pagtalunan RPM 

NAVFAC 
Mid-
Atlantic 

757-341-
2010 roberto.pagtalunan@navy.mil RPM 

Robert Lim RPM USEPA 617-918-
1392 lim.robert@epa.gov RPM 

Gary 
Jablonski RPM RIDEM 401-222-

2797 Gary.Jablonski@dem.ri.gov RPM 

 
 
Comments/Decisions: 
 

 In EPA’s September 29, 2010, comments on the Draft SASE, the EPA stated that 
sediment sampling would be necessary in Lawton Brook to fill a data gap.   
 

 In the Navy’s January 13, 2011, response to EPAs comments on the Draft SASE, 
the Navy agreed to collect limited samples of sediment at Lawton Brook. 

 
 In the EPAs February 17, 2011, letter, responses to Navy’s responses to 

comments, were provided which indicates that sediment downstream of the 
culvert under Defense Highway should be sampled.   

 
 In the Navy’s April 28, 2011, response to the EPAs February 17, 2011 letter, the 

Navy indicated a sediment sample would be located downstream of the outfall 
from AOC 001. 

  
Action Items:   None 
 
Consensus Decisions: None 
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SAP Worksheet #10 -- Conceptual Site Model 
(UFP-QAPP Manual Section 2.5.2) 
 
10.1  SITE LOCATION AND BACKGROUND 
 
Tank Farm 3 (“the Site”) is located on the western shore of Aquidneck Island, in the southwestern portion 

of Portsmouth, Rhode Island, just north of Newport, Rhode Island (Figure 1).  The site topography slopes 

from a high of approximately 100 feet above mean low water (MLW) elevation in the south central portion 

of the Site, to a low of approximately 40 feet above MLW on the northwest side of the Site (along Defense 

Highway), and to a low of approximately 10 feet above MLW on the northeastern side of the Site (along 

Lawton Brook).  Lawton Brook flows northwesterly across the Site, flows under Defense Highway in 

culverts, and discharges into Narragansett Bay, about 300 feet to the west.  Groundwater flow at the Site 

is to the north and northeast. 

 
The Site (delineated by the property boundary in Figure 2) encompasses approximately 40 acres and is 

bordered by Defense Highway to the northwest, Raytheon’s Submarine Signal Division plant to the 

northeast, Bayview Estates (residential condominiums) to the southeast and newer residential properties 

to the southwest.   

 
The site consists of an upland area in the south central portion of the site and a wetland area located 

along the eastern/northeastern boundary.  A wooded area exists between the wetlands and Lawton Brook 

and the upland portion of the site where the tanks are situated.  There are miscellaneous structures at the 

Site and the ground surface is covered in vegetation, such as brush and grasses, with a few clear areas 

along paved access roads.  Access to the property is via Defense Highway, which runs along the western 

border, between the property and Narragansett Bay.   

 
The Site has five 1.18 million gallon-capacity, concrete, USTs and two 2.1 million gallon-capacity steel 

USTs.  These tanks formerly were used to store aviation fuels (jet propulsion [JP]-4, JP-5, and JP-8) and 

marine diesel fuel.  The Site also contains appurtenances and support buildings/structures associated 

with petroleum storage and distribution (underground fuel distribution lines installed  roughly 4-feet below 

grade; an underdrain system (ring drain) around each UST that collects and transfers excess 

groundwater away from the USTs; sump pump chambers in the pump house next to each UST that 

contain pumps for the fuel distribution lines and the ring drain; buried piping connecting the fuel 

distribution lines and the pump houses; and a UST vent and a gauging house connected to each UST. 

 
In their investigation of Tank Farm 3 the DESC, working with RIDEM, reviewed historic aerial photography 

to identify other areas at each tank farm for investigation/remediation; these are identified as AOC 001 

through AOC 033.  Additionally, RIDEM provided other areas of concern to be investigated/remediated.  

Appendix A provides a summary of the identified AOCs at Tank Farm 3. 
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In accordance with decisions made by the project team (Worksheet #9), the AOCs at the Site have been 

separated into Category 1 (CERCLA- regulated) areas, Category 2 (RIDEM UST Division regulated) 

areas, and Category 3 areas (regulatory pathway not yet defined).  This SAP has been prepared to 

address the Category 1 areas only.   

 
The categories of areas within the tank farms are defined as follows: 

 
1. Category 1 (CERCLA-regulated) areas – these are locations of releases/suspected releases of 

CERCLA hazardous substance(s), which were not the result of DESC’s petroleum operations.     

 
2. Category 2 (RIDEM UST Division regulated) areas – these locations relate to petroleum 

contamination resulting from DESC operations, and which have been, or are currently being, 

addressed by DESC. 

 
Category 3 areas (additional areas of concern) – areas for which the scope of investigation has not been 

determined, a release is not confirmed, and a regulatory pathway is not yet defined. 

 
The Category 1 areas consist of two types of areas/contaminants at Tank Farm 3: 

 
1. Contaminants associated with the burning of tank sludge (PAHs, metals, and dioxins).  Water 

containing organic sludge was filtered through a sand filter in the burn pit.  Sludge from storage 

tank bottoms was sometimes burned in this pit (and sometimes removed and disposed 

elsewhere) when it had accumulated sufficiently to clog the filter.  Burning sludge can alter the 

petroleum sludge, potentially producing dioxins and pyrogenic PAHs, and release elevated 

concentrations of heavy metals, all of which may have deposited onto soil.  Heavier petrogenic 

PAHs that are not combustion related products may also have been released by this process to 

surface soil.  The USEPA has stated that areas where evidence of sludge burning has taken 

place would be governed by CERCLA.   

 
2. Areas where PCBs or metals may have been released to the environment.  The USEPA has 

stated that the areas where PCB- containing oils were used would be governed by CERCLA.   

 
The Category 1 portions of the Site that have not been adequately characterized with respect to PAHs, 

metals, dioxins and/or PCBs and require further investigation are: 

 
1. Building 227 (ECH) 

 
2. AOC 001 (Former Sand Filter/Burning Chamber, its discharge line, and discharge location 

[wetland]) 

 
3. AOC 020 (Electrical Transformer Area) 
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10.2 SITE HISTORY 

 
The US Navy has owned the Site since at least the 1940s.  USTs were constructed in the 1940s and 

stored virgin petroleum from the early 1940s until 1998.  The tanks still remain on Site although they have 

not been used for fuel storage since tank closure activities were performed between 1996 and 2000.  The 

Site was operated by the Navy until 1974, when the property was leased to the DESC.  The DESC 

actively operated the Site until the 1990s, when the tanks were emptied and cleaned.  The DESC still 

maintains contractual control of the Site, although it is not in active operation. 

 
Building 227 (ECH) 

 
This structure houses electrical equipment, including a transformer, for the operation of the tank farm.  

This structure is shown on the 1954 Fuel Distribution Plan, suggesting the structure is more than 56 years 

old.  It is presumed that batteries of an unknown nature have been stored in the building.  The electrical 

equipment in this structure has reportedly been out of service for more than 15 years.  Based on the 

former use of Structure 227, the potential contaminants in this area are PCBs that may have been 

present in the transformer oil, and metals that may have been present in the batteries. 

 
AOC 001 (Former Sand Filter/Burn Chamber) 

 
The USTs at the Site were periodically cleaned and the bottoms of the tanks were pumped to remove 

accumulated sediments and water (sludge).  Prior to 1974, tank bottom sludges were pumped to the sand 

filter.  Residual petroleum sludge remaining in the sand filter was either burned in the sand filter structure, 

or scraped off and removed to an off-site location.  The filtered water appears to have discharged into the 

Lawton Brook/wetland area at the site that ultimately discharges into Narragansett Bay.  Prior to the 

installation of the oil-water separator (OWS) (presumed to be circa 1974), the sand filter was also 

routinely used for the discharge of groundwater from the ring drains associated with the USTs.  Based on 

the former use of the sand filter as a burning chamber and a discharge area for groundwater around the 

USTs, the potential contaminants in this area are volatile organic compounds (VOCs), PAHs, metals, and 

dioxins.   

 
Also located within the boundaries of AOC 001 is the location of a former “stripper valve point”.  This 

structure was part of the petroleum distribution piping that was previously cleaned and decommissioned.  

It was sometimes called a “stripper pit” because of the presence of a pit that contained centrifugal stripper 

pumps that removed any water from the fuel via centrifugal force.  There is no record of a release at this 

location and it has been previously closed out.  This area will be observed and investigated during the 

investigation of AOC 001. 

 
AOC 020 

 
AOC 20 consists of the location of a former transformer blockhouse that was replaced in 1980 with two 

new transformers.  Both of these transformers are mounted on concrete pads and have been out of 
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service for more than 15 years.  Based on the former use of this area for electrical equipment and the 

presence of transformers, the contaminants in this area are PCBs that may have been present in 

transformer oil. 

 
10.3 GEOLOGY 

 
The Site is located in the southeastern portion of the Narragansett Basin which is underlain by 

Pennsylvanian age, non-marine, sedimentary and metamorphic rocks, including the Rhode Island 

Formation.  The overburden site geology is generally characterized (GZA, 1995; GZA, 1996) as glacial till 

between 4 and 25 feet thick and which consists of a medium to very dense unsorted mixture of sand, 

gravel, and silt with occasional layers of silty sand and clayey sand or boulders.  Loose glacial till was 

encountered in some areas and is likely re-worked till that was used as fill.  In the central portion of the 

site a loose, silty fine sand strata was encountered from the ground surface to between 3 to 5 feet, and 

the depth to bedrock was noted as shallow (from 4 to 11 feet).   

 
Bedrock at the Site is described mostly as metamorphosed shale with occasional strata of siltstone, 

sandstone, conglomerate, schist, phyllite, slate, and quartz.  The upper portion of the bedrock (3 to 20 

feet) is highly weathered and highly fractured in some locationswith fracturing generally decreasing with 

depth.    

 
The water table elevation is usually encountered in the bedrock or at the bedrock/overburden interface.    

Groundwater flows northerly in the western portion of the site.  Groundwater flows easterly or 

northeasterly in the eastern portion of the site, towards Lawton Brook.   

 
10.4 SUMMARY OF ENVIRONMENTAL WORK CONDUCTED 
 
The first environmental investigation of the Site and other areas was an Initial Assessment Study (IAS), 

completed by Envirodyne Engineers Inc. in 1983.  On completion of the IAS, the Site was recognized as 

an area that required further environmental investigation, because petroleum tank bottom sludge was 

burned in a burning chamber (the sand filter) and this process could have resulted in release of  

contaminants to the environment.  No samples for laboratory analysis and reporting were collected from 

the Site as part of the IAS.   

 
Various reports on investigations, remediation, and closures were generated to document activities 

undertaken between 1992 and 2001.  These activities primarily had to do with the storage and distribution 

of virgin petroleum products; however, some of the work conducted relates to the three Category 1 areas 

of the Site currently planned for investigation.  These reports include: 

 
 Progress Report on Initial Assessment Conducted in the Vicinity of Tank 70 (GTI, 1992) 

 Environmental Site Investigation (GZA, 1995) 

 Supplemental Site Investigation (GZA, 1996) 

 Supplemental Site Investigation and Corrective Action Plan (GZA, 1998a) 
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 Draft Tank Closure Assessment and Report (September, 1998b) 

 Draft Underground Fuel Line Closure and Soil Gas Survey Report (GZA, 1998c) 

 Tank Farm 3 Soil Removal Activities in the Vicinity of Tank 35 (FwEC, 2000) 

 Closure Report for Underground Storage Tanks at Tank Farm 3 (FwEC, 2001) 

 Site Investigation Remedial Action Report (TtEC, 2005) 

 
AOCs were identified at the Tank Farm 3 site using aerial photography during the Site Investigation and 

Remedial Action Report (SIRAR) activities completed between 2004 through 2005 (TtEC, 2005).  Once 

these AOCs were field verified, soil samples were collected and analyzed for total petroleum hydrocarbon 

(TPH) in the field using Petroflag field analytical methodologies.  If Petroflag results were identified at 

concentrations greater than 100 parts per million (ppm), the samples were analyzed in a laboratory for 

TPH using EPA Method 8015 for diesel range and gasoline range organics (DRO and GRO).  If Petroflag 

or laboratory analysis indicated the TPH concentration was less than 100 ppm, additional analyses or 

remediation efforts were not performed.  If laboratory results indicated the TPH concentration was 

between 100 and 500 ppm, the corresponding samples were analyzed in a laboratory for VOCs and 

semi-volatile organic compounds (SVOCs) for comparison to RIDEM’s Direct Exposure Criteria (DEC).  

The soil cleanup goal was set as RIDEM’s industrial DEC.  Soils with analyte concentrations greater than 

the cleanup goal were excavated and disposed of off-site. 

 
In the course of reviewing the various investigations described above, three areas requiring further 

testing/exploration under CERCLA were identified.  A description of the investigations previously 

performed in these areas and the associated findings are provided below.   

 
10.4.1 Former Sand Filter/Burn Chamber (AOC 001) 

 
Two soil borings were advanced at Tank Farm 3 near the Former Concrete Sand Filter structure (Figure 

3).  GZ-301, hydraulically down-gradient of the structure, was advanced during the Environmental Site 

Investigation.  GZ-332, hydraulically upgradient of the structure, was advanced during the Supplemental 

Site Investigation and Corrective Action.  Soil samples were collected and soil sample headspace was 

screened for total volatile organics (TVOCs) at 5 foot intervals.  The sample collected from 0.2 to 2.2 feet 

below ground surface (bgs) at GZ-301 was analyzed for TPH, total volatile petroleum hydrocarbons 

(TVPH) and VOCs.  TVPH and VOCs were not detected.  The results of the TPH analysis indicated the 

presence of a low concentration (28 ppm) of TPH in the sample.  The sample collected from 5 to 6 feet 

bgs at GZ-332 was analyzed for TPH, VOCs, and PAHs, and none of these constituents were detected.   

 
The soil borings mentioned above were completed as groundwater monitoring wells.  Groundwater from 

GZ-301 was collected on three occasions. The sample was analyzed for TPH, TVPH, and VOCs during 

the Environmental Site Investigation; the sample was analyzed for PAHs, VOCs, TPH, and TVPH during 

the Supplemental Site Investigation, and during the SIRAR, the sample was analyzed for VOCs, SVOCs, 
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and DRO.  Groundwater from GZ-332 was sampled on two occasions.  During the Supplemental Site 

Investigation and Corrective Action, the sample was analyzed for VOCs, TVPH, and TPH and during the 

SIRAR, the sample was analyzed for VOCs, SVOCs, and DRO.  GRO was the only constituent detected 

in the groundwater samples.  GRO was detected between 0.272 and 1.3 milligram per liter (mg/L) in GZ-

301.  GRO was detected at 0.14 mg/L in GZ-332.     

 
During the SIRAR, the sand filter pit was located under a road.  The outlet pipe for the sand filter pit 

appears to have discharged into the Lawton Brook wetlands at the Site (Figure 3).  Road asphalt and up 

to 10 feet of fill material beneath the road was excavated as part of efforts to expose the sand filter pit.  

The fill (concrete rubble, wood, cobbles, sand, and silt) was removed and the sand filter pit was exposed.  

The visibly contaminated oily material from inside the sand filter pit was excavated and stockpiled using 

an excavator and a vacuum truck.  The walls and floor of the sand filter pit were pressure washed and the 

rinsate water was removed for disposal.  Test pits were excavated adjacent to each side of the sand filter 

pit, and soil samples were collected from 2 feet below the top of the pit walls and from below the base of 

the pit wall.  Soil samples were also collected beneath pipes associated with the sand filter pit.  Six soil 

samples were sent to the laboratory for analysis of DRO and GRO.  Of the six samples, five had 

detections of GRO, while none had detections of DRO.  In TF3-001-S1-2.0, collected on the west side of 

the structure, GRO was present at 6,582 milligram per kilogram (mg/kg) and was collected at a seam in 

the concrete wall.  However, a sample (TF3-001S1-2.0A) was collected 2 feet west of TF3-001-S1-2.0 

and only indicated a GRO concentration of 13 mg/kg.  Sample TF3-001-S3-2.5 indicated a GRO 

concentration of 4,133 mg/Kg.  This sample was collected below the intake pipe, on the south side of the 

structure.  Soil samples collected on the north and east sides of the structure contained only low 

concentrations (26 to 45 mg/kg) of GRO.   

 
Three surface water samples (SW-1, SW-2, and SW-3) were collected from Lawton Brook during 

implementation of the Environmental Site Investigation at the Site.  The surface water samples were 

analyzed for TPH, TVPH, and VOCs.  SW-1 was located as an upstream sample that would have not 

been impacted by site operations.  SW-2 was located as a mid-stream sample, approximately 1,000 feet 

upstream of the culvert that runs beneath Defense Highway.  SW-3 was located as the downstream 

sample, immediately upstream from the culvert that runs beneath Defense Highway (Figure 2).  The 

surface water results indicated chlorinated VOCs to be present in all three samples, and TVPH in two of 

the three samples.  These contaminants were not attributed to the Site at that time, but rather were 

attributed to an un-named off-site source.  Of note is the observation that the site is bounded to the 

northeast by Raytheon’s Submarine Signal Division and the ground surface from this adjoining property 

slopes southwest towards Lawton Brook.    

 
Although unrelated to the former sand filter/burn chamber, an emergency response was performed in 

2008 within AOC 001 to address a release of petroleum.  In April of 2008 a boater observed sheen on 

Narragansett Bay in the vicinity of Lawton Brook.  This incident was reported to RIDEM and the U.S. 

Coast Guard who subsequently contacted the U.S. Navy.  The Navy authorized an emergency response 
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company to place booms along the brook and in Narragansett Bay to contain the oil/sheen.  The Navy 

then initiated excavation to investigate the sheen.  It was discovered that a 12-inch pipe located along 

Defense Highway had leaked free petroleum product (assumed to be jet fuel) into the pipe chase and 

subsequently into Lawton Brook.  

 
A removal action was initiated to remediate the contaminated soil from this release and included the 

following tasks: 

 
 removal of the overlying soil, and testing of that soil for use as backfill.  

 Removal of pipes and the pipe chase.  

 Asbestos abatement of insulation surrounding the pipeline. 

 Capping/plugging of the remaining ends of the removed pipes. 

 Excavation of contaminated soils.  

 Excavation backfill. 

 Site restoration.   

 
During the excavation of contaminated soil, confirmatory Petroflag™ soil samples were collected every 20 

linear feet along sidewalls, and every 10 feet along the excavation bottom.  Excavation continued until 

observation and field screening results indicated that clean material had been reached.   

 
10.4.2 Electrical Control House (Building 227) 
 
One soil boring (GZA-328) was advanced at Tank Farm 3 at the ECH during the Supplemental Site 

Investigation at a location illustrated in Figure 4.  Soil samples collected from this soil boring 

advancement were screened at 5 foot intervals.  The sample collected from 0 to 2 feet bgs was selected 

for laboratory analysis based on soil headspace screening for TVOCs that either indicated the potential 

presence of organic contaminants or because it was selected as a default sample when no elevated 

headspace measurement was observed.  The sample was analyzed for TPH, VOCs, and PAHs, with all 

laboratory results identified as non-detected above the laboratory reporting limit. 

 
GZ-328 was constructed as a groundwater monitoring well and sampled on three occasions.  The first 

sampling event at this monitoring well occurred during the Supplemental Site Investigation (GZA, 1996) 

and was submitted for laboratory analysis and reporting for PAHs, VOCs, TPH, and TVPH.  The second 

sampling event was undertaken during a groundwater sampling event in June 1999 when the sample was 

submitted for TPH, VOCs, and SVOCs analysis.  The third sampling event at this monitoring well 

occurred during the SIRAR (TtEC, 2004) when the sample was submitted for VOCs, SVOCs, and DRO 

analysis.  Groundwater analytical results from these three sampling events did not identify any 

constituents above the laboratory reporting limits.   

 
A potential pipe leading from the south side of the ECH was identified from examination of a 1988 aerial 

photograph.  This potential pipe was investigated as part of the SIRAR (TtEC, 2005) and included test 
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pitting, a magnetometer survey in the test pits, and soil screening  in the area in which the potential pipe 

was identified.  Soil samples were screened for TPH using Petroflag™ methodology.  These screening 

results indicated TPH values less than 100 ppm and, as such, this area was not evaluated further.   

 
10.4.3 Transformer Area (AOC 020) 

 
One soil boring (GZA-314) was advanced in the area of Outdoor Electrical Transformers during the 

Environmental Site Investigation at Tank Farm 3 at a location depicted on Figure 5.  Samples were 

collected and soil headspace was screened for TVOCs at 5 foot intervals from soil boring GZA-314.  

Based on headspace screening results indicating the potential presence of organic contaminants or 

because it was selected as a default sample when no elevated headspace measurement was observed, 

the sample collected from the 0 to 2 foot interval was submitted for TPH, TVPH, VOCs, PCBs, and 

pesticides laboratory analysis and reporting.  Laboratory results from this sample did not identify any 

constituents above the laboratory reporting limit. 

 
Soil boring GZ-314 was subsequently completed as a groundwater monitoring well and sampled on at 

least four occasions.  The first sampling event was undertaken as part of the Environmental Site 

Investigation where the collected sample was analyzed for TPH, TVPH, VOCs, and PCBs; laboratory 

results indicated that these constituents were not detected.  The monitoring well was again sampled 

during the Supplemental Site Investigation where the collected sample was analyzed for PAHs; laboratory 

results from this effort indicated that these constituents were not detected.  As part of the groundwater 

sampling event in June 1999, the sample was analyzed for TPH, VOCs, and SVOCs; again, laboratory 

results indicated that these constituents were not detected.  As part of the field work for the SIRAR, the 

sample was analyzed for VOCs, SVOCs, and DRO; laboratory results again indicated that these 

constituents were not detected.   

 
An aerial photograph dated 1986 was reviewed during the SIRAR, which suggested that there was a 

probable concrete structure located in this area.  This area was subsequently designated as AOC 020.  

To investigate AOC 020, test pitting, magnetometer surveying of the test pits, and soil sampling were 

performed (TtEC, 2005).  Soil sampling was performed using criteria described in Section 10.4.  VOCs, 

SVOCs, and TPH concentrations did not exceed screening criteria in the four soil samples sent to the 

laboratory as part of test pitting.   

 
Additional sampling and analysis was performed around each of the two pad mounted transformers, as 

part of the SIRAR (TtEC, 2005).  Four samples were collected around transformer #1 (TF3-TF1-A, B, C 

and D) and four samples were collected around transformer #2 (TF3-TF2-A, B, C and D) at locations 

depicted in Figure 5.  The eight soil samples from around the two pad mounted transformers in this AOC 

were analyzed for PCBs.  Of the eight soil samples from around the transformers in this AOC, three 

surface samples (TF3-TF1-D, TF3-TF2-A, and TF3-TF2-C) contained concentrations of Aroclors 1242, 

1254, and 1260 greater than reporting limits.  Each of the total PCB concentrations (1210, 1450, and 
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8200 microgram per kilogram [µg/kg]) also exceeded the Industrial ORNL RSL of 740 µg/kg for total 

PCBs. 

 
10.5 CONCEPTUAL SITE MODEL 
 
Figure 6 presents the conceptual site model (CSM) for the Site.  The CSM is also described below: 

 
 Potential contaminants associated with the burning of petroleum sludge (PAHs, dioxins and furans 

[hereafter referred to as “dioxins”], and metals) were likely released by burning sludge in the sand 

filter/burn pit (AOC 001).  Although fuels formerly stored in the Tanks contain only trace amounts of 

heavy metals, these trace concentrations become concentrated in tank bottom sludges and become 

even more concentrated following combustion of the sludge.  Furthermore, the sand filter/burn pit was 

also routinely used to collect discharge of the groundwater from the ring drains (prior to the 

installation of the OWS).  Potential contaminants associated with this use of the sand filter include 

petroleum-related VOCs and PAHs.   

o Prior to its cleaning, constituents could have migrated, dissolved in water, from the sand 

filter/burn pit and associated discharge line, through cracks in the structures and could have 

contaminated soil surrounding the concrete structure and the discharge line.  

o Constituents could dissolve from the sludge and migrate vertically downward, potentially reaching 

groundwater.  These contaminants could migrate in groundwater downgradient to the northeast, 

which is the direction of groundwater flow.  Groundwater testing in monitoring well GZ-301, 

located about 25 feet downgradient northeast of this area, indicates that groundwater has not 

been impacted by sludge burning.  However, groundwater is to be re-tested to confirm these 

results, and to test for additional constituents (metals, PAHs, and VOCs).  

o Constituents could dissolve in water and discharge via the discharge line(s) from the sand 

filter/burn pit and migrate to the surface water discharge location(s).  Previous surface water 

sampling was conducted and the results did not indicate surface water impacts from the site.   

o Constituents could have been deposited in Lawton Brook sediment from previous surface water 

discharges from the sand filter/ burn pit.   

o Constituents could migrate in the smoke from the combustion of the sludge.  These constituents 

would have dispersed and been deposited via aerial deposition.  The concentrations from this 

deposition mechanism would be diluted due to the large area over which the deposition would 

occur and the vast majority of the constituents are expected to be immediately around the former 

burn chamber.   

o Constituents could also be transported over the ground surface via overland flow following a 

precipitation event.  However, the vast majority of the constituents are expected to be confined to 

the former burn areas and the area immediately surrounding and beneath the former burn areas.   
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o Volatile constituents could dissolve in groundwater and volatilize from groundwater to the 

unsaturated zone and migrate in vapor from the unsaturated zone to the air.  Previous 

groundwater sampling was conducted and did not indicate concentrations of volatile constituents 

at levels that would be expected to result in detectable concentrations in air from this migration 

pathway. 

 PCBs associated with the electrical transformers at AOC 020 are present in surface soil around the 

pad mounted transformers.  PCBs were likely released from normal use and maintenance activities.     

o PCB- containing oil could have been released to the ground surface (surface soil) and could 

migrate vertically downward, potentially reaching subsurface soil and groundwater.  Although not 

readily soluble in water, low levels of these PCBs could migrate in groundwater, especially if 

adsorbed to colloidal matter.   

 Potential contaminants (PCBs and metals) associated with the ECH (Building 227) could have been 

released from the normal use of the building and maintenance of the electrical equipment inside the 

building.    

o PCB- containing oil or metals from electrical equipment and/or metals from batteries could have 

been released to the surface and subsurface soil from potential release(s) inside the building and 

the constituents being transported outside the building via a floor drain.  Furthermore, the 

potential exists for additional building-related sources.  Evidence of one subsurface pipe was 

identified in a 1988 aerial photograph and was investigated during the SIRAR.  Soil sampling 

associated with that potential pipe was performed for TPH only, thus leaving a data gap with 

regard to other potentially site-related contaminants.   

 
Currently, the site is largely unused and exposure to human receptors is limited.  There is some limited 

hunting allowed by Navy personnel.  The current receptors to environmental contamination include 

terrestrial and aquatic biota and human receptors that could be exposed to impacted surface soil and 

sediment.  Potential human receptors include trespassers and limited recreational users (hunters).  

Subsurface soil is not currently accessible, as the site is unused and vacant.  With the exception of where 

it discharges into Lawton Brook, groundwater is not currently accessible, as there are no water supply 

wells at the site.  Potential terrestrial ecological receptors, such as plants, soil invertebrates, mammals, 

birds, and reptiles, can be exposed to contaminated surface soil.  While most terrestrial receptors are not 

substantially exposed to subsurface soils (soil below 12 inches deep), shallow subsurface soil (the top 12 

inches) is accessible to some terrestrial receptors.   Aquatic ecological receptors, such as fish, sediment 

invertebrates, reptiles, and amphibians, can be exposed to sediment contamination through direct contact 

and incidental sediment ingestion.  Terrestrial wildlife may also be exposed to the sediment, although to a 

lesser degree, through direct contact and incidental sediment ingestion.  Terrestrial vertebrates may be 

exposed to contaminated sediment through ingestion of aquatic prey.   
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Potential future exposure pathways would be exposure to subsurface soil and groundwater to humans via 

a change in site use, such as site development.  Exposure to subsurface soil would be from construction 

workers’ activities involving excavation, including contaminated soil being brought to the surface.  

Exposure of potential future residents to groundwater would be from the potential installation and use of a 

groundwater supply well at the Site for drinking water and/or irrigation purposes.    
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process Statements 
(UFP-QAPP Manual Section 2.6.1) 
 

The following text describes the development of project quality objectives (PQOs) using the USEPA data 

quality objective (DQO) process.  The primary data users of this investigation will be Tetra Tech and the 

Navy.   

 
11.1  PROBLEM STATEMENTS 

 
AOC 001 – Former Sand Filter/Burn Chamber, piping and wetland – AOC 001 has been identified as 

having a history of burning of tank bottom sludge inside the concrete sand filter/burn chamber.  Burning of 

petroleum sludge can potentially alter the sludge, releasing dioxins, metals, and PAHs to soils and 

sediment at concentrations exceeding risk screening criteria.  Furthermore, the use of this structure for 

the discharge of groundwater from the ring drains around the USTs potentially released petroleum-related 

VOCs and PAHs to soil and sediment via the sand filters discharge line at concentrations exceeding risk 

screening criteria.  These petroleum-related VOCs and PAHs are expected to be commingled with the 

CERCLA contaminants released during sludge burning.  Releases could have resulted in impacts to 

groundwater beneath and/or hydraulically down-gradient of the structure.  The nature and extent of such 

contamination has not been established.  The Project Team determined that contaminants related to AOC 

001 will be classified as Category 1, and an investigation and evaluation of environmental media under 

Category 1 shall be conducted so that, if necessary, a CERCLA risk assessment can be performed.  

Therefore, data must be collected in accordance with the Navy and USEPA policies for conducting risk 

assessments under CERCLA.  Additionally, regardless of the category of the AOC, RIDEM has requested 

that TPH data be collected at AOC 001.   

 
In order to determine whether a risk assessment is necessary, the following problems must be resolved: 
 

Problem 1: The Navy must determine the nature and extent of contamination related to burning of 

sludge and the processing of water from ring drains in soil and sediment at AOC 001, and must 

estimate whether risks from exposure of human and ecological receptors to site contaminants could 

be unacceptable so that necessary actions can be taken to further investigate or mitigate the risks, in 

an effort to protect human health and the environment. 

 
Problem 2:  The Navy must determine whether groundwater has been contaminated as a result of 

sludge burning at AOC 001 so appropriate actions can be taken to mitigate or further investigate the 

possibility of unacceptable risks to human receptors in an effort to protect human health and the 

environment.   

 
AOC 020 – Transformer Area – Previous surface soil sampling around the transformers indicated the 

presence of PCBs at concentrations up to 8200 µg/Kg total PCBs, greater than screening criteria.  

However, the nature and extent of PCB-contaminated soil must be determined.  One groundwater sample 

available down-gradient of the PCB-contaminated soil has not indicated PCBs in groundwater, however, 
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this absence of PCB contamination in the groundwater must be investigated further to confirm or refute 

this earlier finding.  New data are needed to represent current conditions in groundwater from the existing 

well, and in soil at additional locations.  The Project Team determined that contaminants related to AOC 

020 will be classified as Category 1, and an investigation and evaluation of environmental media under 

Category 1 shall be conducted so that, if necessary, a CERCLA risk assessment can be performed.  

Therefore, data must be collected in accordance with the Navy and USEPA policies for conducting risk 

assessments under CERCLA.  In order to determine whether a risk assessment is necessary, the 

following problems must be resolved: 

 
Problem 1: The Navy must determine the nature and extent of PCB contamination in soil in the 

vicinity of AOC 020/pad-mounted transformers, and must estimate whether risks from exposure of 

human and ecological receptors to site contaminants could be unacceptable so that necessary 

actions can be taken to mitigate such risks in an effort to protect human health and the environment.   

 
Problem 2:  The Navy must determine whether groundwater down-gradient of the transformers has 

been contaminated by the known presence of PCBs in the surface soil so appropriate actions can be 

taken to mitigate or further investigate the possibility of unacceptable risks to human receptors in an 

effort to protect human health and the environment. 

 
Building 227 – Electrical Control House – Previous soil sampling around a presumed pipe leading from 

the ECH was performed for TPH analysis only.  TPH was not detected at concentrations greater than 100 

ppm utilizing field screening methods.  One groundwater monitoring well down-gradient of the ECH did 

not indicate the presence of VOCs, SVOCs, PAHs, or TPH in groundwater.  However, additional 

investigation is necessary for PCBs and metals to determine if media are impacted by these site-related 

contaminants.  In addition, RIDEM has requested that TPH data be collected at the ECH, and the Navy 

has agreed to conduct this additional analysis.  The Project Team determined that contaminants related 

to Building 227 will be classified as Category 1, and an investigation and evaluation of environmental 

media under Category 1 shall be conducted so that, if necessary, a CERCLA risk assessment can be 

performed.  Therefore, data must be collected in accordance with the Navy and USEPA policies for 

conducting risk assessments under CERCLA.  In order to determine whether a risk assessment is 

necessary, the following problem must be resolved: 

 
Problem: The Navy must determine if PCBs and metal contamination of soil and groundwater is 

present in the vicinity of the ECH.  The Navy must evaluate these site conditions to determine an 

appropriate course of action to be protective of human health and the environment. 

 
11.2   IDENTIFY INPUTS TO PROBLEM RESOLUTION 

 
The inputs needed to resolve the problems identified in Section 11.1 include field measurements, 

laboratory chemical data, and Project Screening Levels (PSLs), as described below.  Field tasks to be 

performed to collect these data inputs are summarized in Worksheet #14.  
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11.2.1 Field Measurements  

 
The following field measurements are needed: 

 
 During monitoring well development, measurement of water quality parameters (temperature, pH, 

specific conductance, and turbidity) and recording of development details (start and stop times, 

quantity of water removed, water level changes) must be performed.  These data are needed to 

determine that the well screen is hydraulically connected to the groundwater within the screened 

interval, indicating that development is complete for each well.  

 During groundwater sampling, measurement of water quality parameters must be performed 

(temperature, dissolved oxygen [DO], pH, specific conductance, oxidation-reduction potential [ORP], 

and turbidity) from purge water collected from the same wells where groundwater samples will be 

collected for laboratory analysis.  These data are needed to determine that the water brought to the 

surface is stabilized and representative of the groundwater within the screened interval, indicating 

that sample collection is appropriate.  The final measurements of these parameters made at each 

well are needed to characterize water quality of that groundwater. 

 Water level measurements, such as existing elevation and location data for the existing wells to be 

sampled; and a survey of the elevations and the locations of newly-installed wells must be collected 

so that water table measurements can be used to assess groundwater elevations and flow directions.  

Coordinates will be determined by standard surveying techniques.  The vertical datum will be MLW 

elevation or National Geodetic Vertical Data (NGVD) 1929 depending on the most accessible 

benchmark.  The horizontal coordinates shall be referenced to the State of Rhode Island Grid 

Coordinate System, North American Datum (NAD 1983). 

 Field screening (jar headspace) measurements using a photoionization detector (PID) must be 

performed to assist in selection of subsurface soil intervals that will be sent to the laboratory for 

analysis at AOC 001. 

 
11.2.2 Laboratory Chemical Data  

 
The following Category 1 chemical data from fixed-base laboratory analyses are needed and the list of 

target analytes is presented in Worksheets #15a (soil), #15b (groundwater), and #15c (sediment): 

 
 For AOC 001, concentrations of petroleum-related VOCs, PAHs, TPH, dioxins, and metals in soil 

(surface and subsurface soil) and sediment are needed, while concentrations of PAHs and metals are 

needed for groundwater.  In addition, data for non-chlorinated VOCs and PAHs are also needed in 

surface and subsurface soil, sediment, and groundwater because they are components of aviation 

fuels and/or they are combustion products of the fuels and serve as convenient indicators of 

petroleum hydrocarbon contamination, which is not regulated under CERCLA.  The VOCs and PAHs 

also represent the more toxic components of petroleum fuels.  These analytical groups were identified 
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as the most likely classes of contaminants associated with the burning of petroleum sludge, and the 

co-mingling of CERCLA contaminants with petroleum contaminants.  These data (except for TPH) are 

needed to determine if a risk assessment is necessary.  TPH data are needed to satisfy the RIDEM. 

For AOC 020, concentrations of PCBs in surface and subsurface soil and groundwater are needed.  

This analytical group was identified by the Project Team as the most likely class of contaminants 

associated with the transformers. 

 For Building 227 (the ECH), concentrations of PCBs, TPH and metals in surface and subsurface soil 

and groundwater (except TPH) are needed.  This analytical group was identified by the Project Team 

as the most likely classes of contaminants associated with the transformer and other uses of the 

building.    

 
11.2.3 Project Screening Levels  

 
The newly-collected chemical data must be screened against PSLs to determine if laboratory quantitation 

limits were adequate (However, in order to resolve the project problems and make decisions, separate 

screening levels are described in Section 11.4).  For this project, there are PSLs for surface soil, 

subsurface soil, sediment, and groundwater.  These PSLs are identified on Worksheet #15 and were 

selected using the following rationales: 

 
 Surface soil PSLs – The PSLs are the lowest of the applicable human health risk-screening criteria, 

the RIDEM residential direct exposure criteria (RDEC), the RIDEM leachability criteria, and the 

selected ecological soil screening levels (SSLs), for the receptors identified in Section 10.5.   

 Subsurface soil PSLs – Ecological risk is only applicable for surface soil.  Therefore, the PSLs are 

the lowest of the same risk-screening criteria as for Category 1 surface soil, excluding the ecological 

SSLs. 

 Sediment PSLs – The PSLs for sediment are the lowest of the applicable human health risk-

screening criteria and the selected ecological sediment screening levels (SLs), for the receptors 

identified in Section 10.5.   

 Groundwater PSLs – The PSLs are the lowest of the EPAs enforceable drinking water standards 

(Maximum Contaminant Levels [MCLs]), the RIDEM GA groundwater objectives, the human health 

risk-screening criteria, or the EPAs vapor intrusion (VI) guidance values.    

 
(Note: PSLs are subject to change, based on ongoing research, and updated values will be used when 

screening is performed.  PSLs that are current at the time of the risk screening will be used.) 

 
Fixed laboratory analytical methods must be selected such that the subcontracted laboratories can 

achieve limits of quantitation (LOQs) less than or equal to the PSLs, to the extent technically feasible 

using conventional methods.  To simplify the sampling and analysis procedures, the lowest of the surface 

and subsurface PSLs for each analyte was designated as the “soil PSL,” and method selection was 
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based on this lowest value for all of the types of soil.  Worksheets #15a, #15b, and #15c present the 

PSLs; the selected methods; and the laboratory LOQs, limits of detection (LODs), and detection limits 

(DLs) for each analyte, for soil, and for groundwater, respectively.   

 
The laboratories will measure concentrations of analytes, except dioxins, down to the laboratory DL, and 

of dioxins down to the sample-specific estimated detection limit (EDL).  Positive detections of analytes, 

except dioxins, between the LOQ and the DL, and of dioxins between the LOQ and the EDL, must be 

qualified as estimated “J.”  The “J” alerts the data user to the increased uncertainty at concentrations 

between the DL and LOQ.  Use of J-flagged data to achieve project goals is acceptable; however, greater 

scrutiny must be applied to J-qualified data.  

 
Non-detected results must be qualified as “U” and must be reported with an associated value of the LOD, 

except for dioxins.  Non-detected dioxins results must be reported with an associated value of the EDL, 

as provided in the analytical method.   

 
For the purpose of making the decisions identified in Section 11.4, non-detected results with associated 

values greater than the PSL will be treated as values that are less than the PSL if the chemical was not 

detected in site media during this investigation or in previous investigations; otherwise, such results will 

be assigned a value equal to one-half the LOD (or, for dioxins, one-half the EDL). The limitations on data 

usability due to unmet sensitivity goals will be evaluated as described in Worksheet #37 and discussed in 

the project report.  The data usability assessment will consider uncertainty associated with LOQ and/or 

LOD and EDL values that are greater than the PSL, and will evaluate whether the inability to detect or 

quantify an analyte at levels equal to or less than the PSL creates a data gap that has an adverse effect 

on decision making. 

 
The background data set for various media at NAVSTA Newport must be used to determine whether 

metals present onsite are naturally occurring or site-related.  Background data are described in the 

“Basewide Background Study Report for Naval Station Newport, Newport Rhode Island” (Tetra Tech, July 

2008).     

 
11.3    STUDY BOUNDARIES 
 
11.3.1 AOC 001 Boundaries 

 
The areas of focus for AOC 001, where soil and sediment data potentially will be used for CERCLA-type 

risk assessment, is in areas where tank bottom sludge was presumably burned (Figure 2).  Two general 

soil populations must be represented in order to resolve the Category 1 problems – soil that potentially 

contains chemicals related to sludge-burning at concentrations that exceed the PSLs and background 

concentrations, and soil that does not.  Soil adjacent to the west and south sides of the structure were 

previously found to be contaminated with TPH.  Since previous investigations of similar structures at Tank 

Farms 4 and 5 have indicated that TPH is generally a good indicator of contamination by other 



Project-Specific Sampling and Analysis Plan Title: Data Gaps Assessment 
Site Name: Tank Farm 3, Category 1 Areas Document No.: W5211738F 
Project Name: NAVSTA Newport Revision Number: 0 
Site Location: Newport, Rhode Island  Date: May 2013 

 

 Page 40 of 126                 

constituents, soil from these same locations must be investigated.  Soil samples must also be collected 

west and south of the previous samples, and shallow soil samples must be collected to determine if the fill 

above the contamination is impacted.    
 
The soil depth intervals of interest are those set forth by USEPA policy for risk assessment to define 

surface soil and subsurface soil.  Surface soil is defined as soil collected to 1 foot bgs.  Subsurface soil is 

defined as soil collected between 1 and 10 feet bgs, or to top of bedrock, whichever is shallower.   

 
Sediment data of primary importance must represent areas potentially impacted by the discharge from 

the sand filter/burn chamber.  In addition, sediment data representing areas not potentially contaminated 

as a result of site operations must be collected as a point of reference for evaluating the Site data.  

Previous investigations at the Site have indicated possible impacts to Lawton Brook from non-Site 

sources; therefore, areas near sampling locations SD-01 and SD-02 (Figure 2) upstream from any 

potential impacts from AOC 001 are appropriate to provide reference/upstream locations to assist in 

quantification of potential sediment impacts from areas other than the areas being investigated in this 

data gaps assessment (DGA).  Sediment sample locations shown on Figures 2 and 3 are approximate 

and must be confirmed in the field by selecting areas of sediment deposition.  Sediment sample depths 

must be from 0 to 6-inches bgs, in order to collect samples from the zone of bioturbation.  In addition, 

deeper sediment/ soil must be collected to determine the depth of contamination, if present.  Therefore, in 

addition to the collection of sediment samples from the 0-6 inch interval, soil borings will be advanced 

using a hand auger at sediment stations SD03, SD04 and SD05.  Borings will be advanced to a maximum 

of 5 ft bgs or refusal and one subsurface sample will be selected from one of these deeper intervals.  The 

sample interval will be one foot and the depth will be chosen based on visual or olfactory evidence, or 

biased towards fine grained material if no visual or olfactory evidence of contamination is found. 

 
Contaminants from sludge-burning in AOC 001 areas do not appear to have impacted groundwater 

because previous groundwater sampling down-gradient of AOC 001 does not indicate contamination.   

However, shallow groundwater must be investigated down-gradient of the burn pit to confirm that 

contaminants have not reached the water table.  The area is small, so a limited amount of data is 

anticipated to be sufficient. 

 
Surface water has previously been investigated, and does not appear to have been impacted by Site 

operations; therefore, surface water is not within the scope of this investigation. 

 
11.3.2 AOC 020 

 
The areas of focus for AOC 020 are the areas around the pad-mounted transformers, where PCB 

contamination was previously detected (three soil samples).  PCBs in surface soil were previously 

detected at the north side of transformer 1 and the east and west sides of transformer 2 (Figure 5).  

These three surface sample locations must be re-sampled as they provide a high degree of probability for 

detecting site-related contamination.  Subsurface soil data must be collected from the same location to 
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support an evaluation of the potential for vertical migration of PCBs.  In addition, soil approximately 10 to 

15 feet away from each of the three previous soil samples must be investigated to serve as an initial 

attempt at delineating contamination in lateral directions.   

 
The soil depth intervals of interest are those set forth by USEPA policy for risk assessment to define 

surface soil and subsurface soil.  Surface soil is be defined as soil collected to 1 foot bgs.  Subsurface soil 

is defined as soil collected between 1 and 10 feet bgs, or to top of bedrock, whichever is shallower.   

 
Contaminants from the transformers in AOC 020 areas do not appear to have impacted groundwater 

because previous groundwater sampling down-gradient of AOC 020 does not indicate contamination.   

However, groundwater data must be collected from the shallow water bearing zone down-gradient of the 

transformers to establish whether contaminants have reached the water table.   

 
11.3.3 Building 227 

 
The areas of focus for the ECH/Building 227 are each side of Building 227, each entrance to Building 

227, and the pipe from the south side of Building 227 (Figure 4).  These are the areas representing the 

greatest chance for finding site-related contamination.  Previous sampling was only performed for TPH 

around the pipe on the south side of Building 227.   

 
The soil depth intervals of interest are those set forth by USEPA policy for risk assessment to define 

surface soil and subsurface soil.  Surface soil is defined as soil collected to 1 foot bgs.  Subsurface soil is 

defined as soil collected between 1 and 10 feet bgs, or to top of bedrock, whichever is shallower.   

 
If contaminants from the transformer and possible batteries in Building 227 are present in soil, they may 

have impacted groundwater.  To determine if this has occurred, groundwater samples will be collected for 

analysis of target analyte concentrations in existing monitoring well GZ-318.  In addition a new 

groundwater monitoring well (TF3-ECH-MW01) will be installed. 

 
11.4   DEVELOP THE ANALYTIC APPROACH 

 
The rules described in this section will be used to evaluate the newly-acquired and usable historical 

chemical data and to make decisions regarding the problems described in Section 11.1.  

 
11.4.1 Decision Rules 

 
The following rule applies to decisions regarding Problem statements for all three Category 1 areas: 

 
 If all measured concentrations in all surface and subsurface soil samples, sediment samples (if 

applicable), and the groundwater sample collected from a targeted Category 1 area are less than 

background concentrations (see Section 11.4.3) and less than the screening levels below, then the 

risk evaluation and delineation of contamination are complete and there is no unacceptable risk from 

the area.  In this case, present the data and the risk evaluation in a DGA report; otherwise convene 
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the Project Team to evaluate an appropriate course of action.  It must be noted that screening levels 

for the decision rules described in this section are different than PSLs described in Section 11.2.3 

(which are used to set desired laboratory quantitation limits).  Screening levels are defined as follows.   

 Soil screening level:  the lowest of the applicable human health risk-screening criteria, and the 

selected ecological soil screening levels (SSLs), (for surface soil only). 

 Groundwater screening level:  the lowest of the EPAs enforceable drinking water standards (MCLs), 

the human health risk-screening criteria, or the EPAs vapor intrusion (VI) guidance values.    

 Sediment screening level:  the lowest of the applicable human health risk-screening criteria and the 

selected ecological sediment screening levels (SLs), for the receptors identified in Section 10.5.   

 
In the case of dioxins and furans, the analytical results will be compared to the total toxicity 

equivalency (TEQ) of 2,3,7,8-TCDD.  The measured concentrations to be compared with the 

screening levels will be the total TEQs, calculated by multiplying each dioxin and furan congener 

concentration by that congener’s toxicity equivalency factor (TEF) and summing the results.  The total 

TEQ screening levels are the same as the PSLs presented in Worksheets #15a and #15c for 2,3,7,8-

TCDD, which has a TEF of 1.  (The individual congener PSLs presented in Worksheets #15a and 

#15c will not be compared with individual congener concentrations to make project decisions in 

accordance with this decision rule.  These individual PSLs are presented to provide approximate 

values for the evaluation of analytical sensitivity only).  

 
To implement this rule, existing data will be combined with newly collected data and together will be 

evaluated for various characteristics.  During this evaluation, the Project Team will consider the 

following factors (see note below) as they relate to the individual AOCs (refer to Sections 11.1 and 

11.2): 

 
 Magnitude of screening level (or MCL) exceedances for the targeted analytes. 

 Observed concentration gradients. 

 Groundwater flow directions. 

 The number of screening level exceedances. 

 An evaluation of Site data compared to reference data (e.g. upgradient sediment data) to estimate 

whether contaminants in the affected environmental media appear to be related to Site operations or 

are associated with another source of contamination (See Section 11.4.2).   

 Other factors the Project Team considers to be important for evaluating risks to human health (soil 

sediment and groundwater data) and ecological receptors (surface soil and sediment data only). 

 
Note:  The data and the risk screening (comparison of site target analyte concentrations to screening 

levels) will be presented in a DGA report.  The DGA report will be prepared with figures and tables, 
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including the presentation of all exceedances of the applicable human health and ecological criteria 

identified in Section 11.2.3, and a meeting will be convened with the Project Team to discuss the next 

steps to be taken.   

 
The tendency will be to act quickly to reduce risks if an immediate or near term threat to human health or 

the environment is identified.  This condition would generally be indicated by high target analyte 

concentrations over large areas and may be followed, for example, by an Engineering Evaluation/Cost 

Analysis, an Interim Action, etc., designed to quickly evaluate and perhaps implement methods of 

reducing risks.   

 
The tendency will be to recommend additional data collection if the project Team determines that 

contamination is insufficiently delineated or otherwise insufficiently characterized to support a risk 

screening and, if a risk screening indicates that risks may be unacceptable, a risk assessment.  This 

condition would generally be indicated by not collecting the targeted data, or determining that the 

collected data do not adequately represent potential risks incurred by human or ecological receptors.  

This is most likely to exist for Building 227, where this project primarily requires a determination of 

presence/absence of contamination rather than full delineation of the contamination (See Section 11.1, 

Building 227). 

 
11.4.2 Background Comparisons 

 
Comparisons to background soil concentrations will be used to evaluate metals contamination.  Metals 

commonly occur due to their presence in soil, attributable to geologic conditions.  PAHs and dioxins are 

ubiquitous due to atmospheric deposition from human activities and/or natural sources (forest fires).   

 
The background dataset for metals is in the Basewide Background Study Report for Naval Station 

Newport (Background Study).  The method used for comparison between datasets for metals is outlined 

in the Background Study.  For metals, when the soil type present at the site can be determined or 

matched to a particular soil type considered in the background study, a standard comparison can be 

made using 95 percent upper confidence level (UCL) of the two data sets.  The geochemical method will 

be used as outlined in the Background Study when the soil type present is unknown or cannot be 

matched to a particular soil type considered in the Background Study. 

 
11.5    SPECIFY PERFORMANCE CRITERIA 

 
The sample locations were selected based on the need to characterize the nature and extent of 

contamination at the Site.  Although this investigation emphasizes detection of contamination, to the 

extent practicable, the soil and sediment analytical data will be used to map the spatial boundaries of soil 

and sediment containing contaminant concentrations exceeding screening levels defined in Section 

11.4.1.  Particular scrutiny will be applied to analytical results below the LOQ when screening levels are 

below the LOQ.  The data usability evaluation process is described in more detail in Worksheet #37.  
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The data collected under this SAP are anticipated to be sufficient to delineate the nature and extent of 

contamination in soil and sediment and support potential baseline risk assessments for the Site.  The 

groundwater data is anticipated to be sufficient to determine if the three Category 1 areas have impacted 

groundwater.  The project team will review the data as part of the data usability assessment described in 

Worksheet #37.  If any significant data gaps are identified, the Project Team will determine the next 

appropriate step. 

 
11.6 DATA COLLECTION PLAN 

 
The plan for data collection is provided in detail in Worksheet #17. 
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SAP Worksheet #12 -- Measurement Performance Criteria Table (note matrix in table entry)  
(UFP-QAPP Manual Section 2.6.2) 
 

Measurement Performance Criteria Table – Field QC Samples(1) 

QC Sample Analytical 
Group Frequency Data Quality 

Indicators (DQIs) Measurement Performance Criteria 

QC Sample 
Assesses Error 

for Sampling 
(S), Analytical 

(A) or both 
(S&A) 

Trip Blank 
VOCs,  1,2-
Dibromoethan
e (EDB), GRO  

One each per 
cooler, as 
appropriate 

Accuracy /Bias/ 
Contamination 

No target analytes > ½ LOQ (>LOQ for common 
laboratory contaminants), unless target analytes 
in field samples are > 10x those in trip blank. 

S & A 

Equipment 
Rinsate 
Blank(2) 

All analytical 
groups  

One per 20 
samples  

Accuracy /Bias/ 
Contamination 

No target analytes > ½ LOQ (>LOQ for common 
laboratory contaminants), unless target analytes 
in field samples are > 10x those in rinsate blank. 

S & A 

Field 
Duplicates 

Organics One per 10 
samples Precision 

Soils: Relative percent difference (RPD) must be 
≤ 50%.  
Waters: RPD must be ≤ 30%.  
 
If sample results are < 2x LOQ, professional 
judgment is used. 

S & A 

Metals One per 10 
samples Precision 

For values ≥ 5x LOQ  
Soils: RPD must be ≤ 50%  
Waters: RPD must be ≤ 30%.  
 
For values < 5x LOQ 
Soils: Absolute difference must be ≤ 4x LOQ  
Waters: Absolute difference must be ≤ 2x LOQ 
for waters. 

S & A 

Temperature 
Blank 

All analytical 
groups(3) One per cooler Representativeness Temperature must be ≤ 6 degrees Celsius (oC) S 

1. The measurement performance criteria (MPCs) for laboratory QC samples are presented in Worksheet #28. 
2. Equipment rinsate blanks will be collected if non-dedicated sampling equipment is used.  
3. For metals, the MPC is only applicable for mercury in solid samples.  
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SAP Worksheet #13 -- Secondary Data Criteria and Limitations Table 
(UFP-QAPP Manual Section 2.7) 
 

Secondary Data Data Source Data Generator(s) How Data Will Be 
Used Limitations on Data Use 

Report 
Draft Tank Closure 
Assessment Report, Tank 
Farm 3.  September 1998 

GZA GeoEnvironmental, Inc. 

Boring logs will be used 
when interpreting geologic 
and hydrogeologic data for 
the site.  Some soil and 
groundwater data will be 
used for determinations of 
nature and extent of 
contamination. 

Analyte lists differ between 
existing and new data, the 
existing data may only be 
useful for semiquantitative or 
qualitative interpretations of 
contaminant patterns.  The 
older data was not validated 
and will not support a risk 
assessment. 

Report 

Supplemental Site 
Investigation and Corrective 
Action Plan Tank Farm 3. 
February, 1998.  

GZA GeoEnvironmental, Inc. 

Boring logs will be used 
when interpreting geologic 
and hydrogeologic data for 
the site.  Some soil and 
groundwater data will be 
used for determinations of 
nature and extent of 
contamination. 

Analyte lists differ between 
existing and new data, the 
existing data may only be 
useful for semiquantitative or 
qualitative interpretations of 
contaminant patterns. The 
older data was not validated 
and will not support a risk 
assessment. 

Report Draft SIRAR for Tank Farm 3. 
May, 2005. Tetra Tech EC, Inc.   

Some soil and 
groundwater data will be 
used for determinations of 
nature and extent of 
contamination.  

Analyte lists differ between 
existing and new data, the 
existing data may only be 
useful for semiquantitative or 
qualitative interpretations of 
contaminant patterns.  The 
older data was not validated 
and will not support a risk 
assessment. 

Report 

Supplemental Site 
Investigation Defense Fuel 
Supply Center Melville –Tank 
Farm 3  

GZA GeoEnvironmental, Inc.   

Boring logs will be used 
when interpreting geologic 
and hydrogeologic data for 
the site.  Some soil and 
groundwater data will be 
used for determinations of 
nature and extent of 
contamination. 

Analyte lists differ between 
existing and new data, the 
existing data may only be 
useful for semiquantitative or 
qualitative interpretations of 
contaminant patterns.  The 
older data was not validated 
and will not completely support 
a risk assessment. 
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Secondary Data Data Source Data Generator(s) How Data Will Be 
Used Limitations on Data Use 

Report 

Basewide Background 
Investigation Report, Naval 
Station Newport, Newport 
Rhode Island. July 2008. 

Tetra Tech Inc./ Metals 

Data will be used to 
determine if metals 
present onsite are 
naturally occurring or are a 
result of historic site 
activities. 

No limitations are applicable. 
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SAP Worksheet #14 -- Summary of Project Tasks 
(UFP-QAPP Manual Section 2.8.1)   
 

The following project tasks are summarized in the sections below:  

 
 Field Tasks. 

 Analytical Tasks. 

 Data Management and Review. 

 Project Report. 

 
The Tetra Tech and USEPA standard operating procedures (SOPs) and field documentation forms 

referred to in this worksheet are included in Appendix B and Appendix C, respectively.  Project-specific 

procedures for select field tasks are also provided in Appendix D.  The field team will follow the project-

specific field procedures unless these procedures do not provide guidance on a specific field task issue. 

In that case, the procedures in the cited SOPs will be followed. 

 
14.1 FIELD TASKS  
 
This project includes the following field tasks: 

 
 Mobilization/Demobilization and Utility Clearance – includes mobilization of equipment and staff to the 

site, field team orientation, a site walkover, utility clearance, and demobilization.  A DIGSAFE number 

and NAVSTA Newport utility clearance will be obtained prior to mobilizing drilling equipment.  The site 

walk to pre-mark sampling locations will be held and regulatory personnel (EPA and RIDEM) will be 

invited to obtain concurrence of sample locations. 

 Geophysical Survey – The discharge pipeline from the former sand filter (AOC 001) will be traced 

using geophysical techniques, to determine its location.  As part of this effort, a video inspection of 

the pipe will also be conducted to locate any potential leaks or compromised areas.  SOPs for 

geophysical techniques that may be used for tracing the discharge line are provided in Appendix B.   

 Drilling and Soil Sample Collection – Soil borings will be advanced for continuous soil sampling using 

drilling methods described in SOP GH-1.3.  Boring logs will be created according to SOP GH-1.5.  

Surface and subsurface soil samples for laboratory analysis will be collected from the borings 

according to SOP SA-1.3.  Project-specific procedures for drilling and soil sampling are presented in 

Appendix D.  The soil samples will be collected from the vadose zone at the intervals listed in 

Worksheet #18.   

 Well installation, development and water level measurement – One new monitoring well will be 

installed and developed for groundwater sampling, in accordance with SOP GH-2.8.  Three existing 



Project-Specific Sampling and Analysis Plan Title: Data Gaps Assessment 
Site Name: Tank Farm 3, Category 1 Areas Document No.: W5211738F 
Project Name: NAVSTA Newport Revision Number: 0  
Site Location: Newport, Rhode Island  Date: May 2013 
 

  Page 49 of 126 

monitoring wells will be developed for groundwater sampling.  Existing monitoring wells will be 

evaluated, and water level measurements will be taken in all monitoring wells where samples will be 

taken and in two additional existing monitoring wells in the area of the electrical control house (ECH) 

and at AOC-001in accordance with SOP GH-1.2. Project specific procedures for drilling, well 

installation, development and evaluation; and water level measurements are presented in Appendix 

D.  Groundwater flow direction will be determined and groundwater contour maps will be constructed, 

as described in SOP GH-2.5. 

 Groundwater sampling – Groundwater samples will be collected following the USEPA’s low flow (low 

stress) sampling protocol, SOP GW 001.  Project-specific procedures are presented in Appendix D.  

 Sediment sampling – Sediment samples will be collected using the project specific procedures 

presented in Appendix D and in accordance with SOP #SA 1.2.SW.   

 Field Quality Control Samples – Field quality control (QC) samples will be collected as part of the 

investigation, including field duplicates, trip blanks, and equipment rinsate blanks.  Worksheet #20 

presents the field QC sample summary.   

Field samples to be used for laboratory QC analyses will be assigned by the field sampler on the 

chain-of-custody form and sample log sheet.  The laboratory will perform matrix spike (MS) and 

matrix spike duplicate (MSD) analyses for organic analyses and MS and laboratory duplicate 

analyses for metals analysis.  Additional sample volume will be collected as necessary for the 

laboratory QC analyses.  

 Field Instrument Calibration – These procedures are described in Worksheet #22.  

 Equipment decontamination – All non-disposable equipment that comes in contact with the sample 

medium will be decontaminated according to SOP SA-7.1 to prevent cross-contamination between 

sampling points.  This includes equipment such as stainless steel bowls, scoops, as well as heavy 

equipment.  Personnel decontamination is discussed in the HASP. 

All heavy equipment, including the drilling rig, rods and augers, and other down-hole equipment used 

during site investigation activities, will be decontaminated prior to beginning work and between all 

boreholes using a high-pressure steam wash.  Potable water will be used for steam-cleaning.  

 Investigation-Derived Waste (IDW) Characterization and Disposal – IDW includes decontamination 

fluid, used personal protective equipment (PPE), used sampling equipment, and drill cuttings and 

excess soil samples.  IDW characterization and disposal will be performed after all IDW has been 

containerized.  IDW shall be handled in accordance with SOP SA-7.1.  

 Land Surveying – After completion of sample collection, the coordinates of all sample points, 

including soil borings, monitoring wells, as well as other pertinent features will be determined by a 
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Rhode Island registered land surveyor.  The coordinates of the features will be incorporated into the 

NAVSTA Newport GIS database and used for site mapping.  

 
14.2 ANALYTICAL TASKS  

 
Chemical analysis of soil samples will be performed by subcontracted laboratories. TestAmerica will 

perform the dioxin analysis and Katahdin will perform VOC, PAH, PCBs, metals and TPH (GRO and 

Extractable Total Petroleum Hydrocarbons [ExTPH]) analyses in accordance with the methods identified 

in Worksheet #19 and the requirements of the analytical specifications for laboratory services developed 

for this work by Tetra Tech.  

 
TestAmerica and Katahdin will follow the laboratory-specific SOPs (Worksheets #19 and #23) developed, 

based on the methods listed in Worksheet #19.  Copies of the Laboratory SOPs are included in Appendix 

E. 

 
All soil and sediment sample analytical results will be reported by the laboratory on a dry-weight basis.  

Results of percent moisture will be reported in each analytical data package and electronic data files.  

This information will also be captured in the project database, which will eventually be uploaded to the 

Naval Installation Restoration Information Solutions (NIRIS) database.  Percent moisture information will 

also be captured in the DGA Report. 

 
The analytical data packages provided by TestAmerica and Katahdin will be in a USEPA Contract 

Laboratory Program-like format, will be fully validatable, and contain raw data summary forms for all 

sample and laboratory method blank data, and summary forms containing all method specific quality 

control (results, recoveries, relative percent differences, relative standard deviations, and/or percent 

differences, etc.)  

 
Results will be reported in each analytical data package and electronic data deliverable (EDD).  This 

information will also be captured in the project database that will eventually be uploaded to the NIRIS.  

 
14.3 DATA MANAGEMENT 

 
Data management will be performed in accordance with SOP CT-05. Data management procedures will 

include the following:  

 
 Project documentation and records  

o Field sample collection and field measurement records are described in Worksheets #27 and 

#29. 

o Laboratory data package deliverables are described in the analytical specifications. 
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o Data assessment documents and records are listed in Worksheet #29.  

 Data recording formats are described in Worksheet #27. 

 Data handling and management - After the field investigation is completed, the field sampling log 

sheets will be organized by date and media and filed in the project files.  The field logbooks for this 

project will be used only for this Site, and will also be categorized and maintained in the project files 

after the completion of the field program.  Project personnel completing concurrent field activities may 

maintain multiple field logbooks.  When possible, logbooks will be segregated by sampling activity.  

The field logbooks will be titled based on date and activity.  The data handling procedures to be 

followed by the laboratories will meet the requirements of the technical specification.  The electronic 

data results will be automatically downloaded into the Tetra Tech database, in accordance with 

proprietary Tetra Tech processes. 

 Data tracking and control - The Tetra Tech PM (or designee) is responsible for the overall tracking 

and control of data generated for the project.  

o Data Tracking.  Data is tracked from its generation to its archiving in the Tetra Tech project-

specific files.  The Project Chemist (or designee) is responsible for tracking the samples collected 

and shipped to the contracted laboratory.  On receipt of the data packages from the analytical 

laboratory, the Project Chemist will oversee the data validation effort, which includes verifying that 

the data packages are complete and that results for all samples have been delivered by the 

analytical laboratory.    

o Data Storage, Archiving, and Retrieval.  The data packages received from the subcontract 

laboratory are tracked in the data validation log book.  After the data are validated, the data 

packages are entered into the Tetra Tech CLEAN file system and archived in secure files.  The 

field records including field logbooks, sample logs, chain-of-custody records, and field calibration 

logs will be submitted by the FOL to be entered into the CLEAN file system prior to archiving in 

secure project files.  The project files are audited for accuracy and completeness.  At the 

completion of the Navy contract, the records will be stored by Tetra Tech.   

 Data Security.  The Tetra Tech project files are restricted to designated personnel only.  Records 

can only be borrowed temporarily from the project file using a sign-out system.  The Tetra Tech Data 

Manager maintains the electronic data files.  Access to the data files is restricted to qualified 

personnel only.  File and data backup procedures are routinely performed. 

 
14.4 DATA REVIEW  
 
Data review is described in other worksheets, as follows: 
 
 Data verification is described in Worksheet #34. 
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 Data validation is described in Worksheets #35 and #36.  

 Usability assessment is described in Worksheet #37. 

 
14.5 PROJECT REPORT  
 
Following completion of the investigations outlined in this SAP, the Navy will prepare a Draft DGA Report, 

in accordance with the decision rules in Worksheet #11.4.  This document will summarize the 

investigation activities; describe any issues encountered in the field and corrective actions taken; provide 

tables comparing soil and groundwater sampling results to screening criteria, defined in Section 11.4.1; 

and provide figures depicting the locations sampled and the spatial distribution of contaminants.  The 

Draft Technical Report will also contain recommendations for the next steps for the Site. 

 
The Draft Technical Report will be submitted to RIDEM and the USEPA for review.  On receipt of 

regulatory comments, a response will be prepared, and if warranted, a meeting or conference call will be 

held to resolve comments.  A Final Technical Report incorporating comments will be issued for inclusion 

in the NAVSTA Newport Administrative Record. 
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SAP Worksheet #15a – Reference Limits and Evaluation Table 
(UFP-QAPP Manual Section 2.8.1) 

 
In Worksheets #15a and #15b, the PSL is presented in bold font if it is less than the LOQ but greater than or equal to the LOD; and the PSL is presented as 
bolded and shaded if it is less than the LOD. The limitations on data usability due to unmet sensitivity goals will be evaluated as described in Worksheet #37 
and discussed in the project report. 
 

 
Matrix: Soil     

Analyte CAS Number Soil PSL(1) (mg/kg) Soil  
PSL Reference(2) 

Project 
LOQ 
Goal      

(mg/kg
) 

Katahdin Limits 

LOQ 
(mg/kg) 

LOD    
(mg/kg

) 
DL (mg/kg) 

VOCs by SW-846 8260B         
1,2,4-Trimethylbenzene 95-63-6 6.2 Res RSL 2.1 0.005 0.0025 0.00079 
1,2-Dibromoethane  
(EDB) 106-93-4 0.0001 So/Air SSL 

0.0000
33 0.005 0.0025 0.0012 

1,3,5-Trimethylbenzene 108-67-8 7.2 So/Air SSL 2.4 0.005 0.0025 0.00067 
2-Butanone (MEK) 78-93-3 89.6 Eco SSL 30 0.025 0.0125 0.0059 
2-Hexanone 591-78-6 12.6 Eco SSL 4.2 0.025 0.0125 0.0048 
4-Methyl-2-pentanone 
(MIBK) 108-10-1 443 Eco SSL 150 0.025 0.0125 0.0059 
Acetone 67-64-1 2.5 Eco SSL 0.83 0.025 0.0125 0.0051 
Benzene 71-43-2 0.2 RIDEM GA LC 0.67 0.005 0.0025 0.00092 
Bromoform 75-25-2 15.9 Eco SSL 5.3 0.005 0.0025 0.0007 
Bromomethane 74-83-9 0.235 Eco SSL 0.078 0.01 0.005 0.0011 
Carbon disulfide 75-15-0 0.0941 Eco SSL 0.031 0.005 0.0025 0.00078 
Cyclohexane 110-82-7 700 Res RSL 230 0.005 0.0025 0.0014 
Ethylbenzene 100-41-4 5.16 Eco SSL 1.7 0.005 0.0025 0.00065 
Isopropylbenzene 98-82-8 27 RIDEM Res DEC 9 0.005 0.0025 0.00092 
m,p-Xylenes4 179601-23-1 95 Eco SSL 32 0.01 0.005 0.0017 
Methyl acetate 79-20-9 7800 Res RSL 2600 0.005 0.0025 0.0027 
Methylcyclohexane 108-87-2 490 So/Air SSL 160 0.005 0.0025 0.00096 
Methyl-tert-butyl ether 1634-04-4 43 Res RSL 1.3 0.005 0.0025 0.0011 
Naphthalene 91-20-3 0.8 RIDEM Res DEC 0.27 0.005 0.0025 0.00088 
n-Butylbenzene 104-51-8 -- -- -- 0.005 0.0025 0.00092 
n-Propylbenzene 103-65-1 340 Res RSL 11 0.005 0.0025 0.00083 
o-Xylene4 95-47-6 95 Eco SSL 32 0.005 0.0025 0.0013 
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Matrix: Soil     

Analyte CAS Number Soil PSL(1) (mg/kg) Soil  
PSL Reference(2) 

Project 
LOQ 
Goal      

(mg/kg
) 

Katahdin Limits 

LOQ 
(mg/kg) 

LOD    
(mg/kg

) 
DL (mg/kg) 

p-Isopropyltoluene 99-87-6 -- -- -- 0.005 0.0025 0.00076 
sec-Butylbenzene 135-98-8 -- -- -- 0.005 0.0025 0.00091 
Styrene 100-42-5 2.9 RIDEM GA LC 0.97 0.005 0.0025 0.00051 
tert-Butylbenzene 98-06-6 -- -- -- 0.005 0.0025 0.0009 
Toluene 108-88-3 5.45 Eco SSL 1.8 0.005 0.0025 0.0014 
Xylenes (total) 1330-20-7 63 Res RSL 21 0.015 0.0075 0.0013 
PAHs by SW-846 8270D 
Selected Ion Monitoring 
(SIM)            
2-Methylnaphthalene 91-57-6 29 Eco SSL 9.7 0.02 0.01 0.0022 
Acenaphthene 83-32-9 20 Eco SSL 6.7 0.02 0.01 0.0015 
Acenaphthylene 208-96-8 23 RIDEM Res DEC 7.7 0.02 0.01 0.0012 
Anthracene 120-12-7 29 Eco SSL 9.7 0.02 0.01 0.0012 
Benzo(a)anthracene 56-55-3 0.15 Res RSL 0.05 0.02 0.01 0.0019 
Benzo(a)pyrene 50-32-8 0.015 Res RSL 0.005 0.02 0.01 0.0033 
Benzo(b)fluoranthene 205-99-2 0.15 Res RSL 0.05 0.02 0.01 0.0024 
Benzo(g,h,i)perylene 191-24-2 0.8 RIDEM Res DEC 0.27 0.02 0.01 0.002 
Benzo(k)fluoranthene 207-08-9 0.9 RIDEM Res DEC 0.3 0.02 0.01 0.0031 
Chrysene 218-01-9 0.4 RIDEM Res DEC 0.13 0.02 0.01 0.0017 
Dibenzo(a,h)anthracene 53-70-3 0.015 Res RSL 0.005 0.02 0.01 0.0018 
Fluoranthene 206-44-0 20 RIDEM Res DEC 6.7 0.02 0.01 0.0018 
Fluorene 86-73-7 28 RIDEM Res DEC 9.3 0.02 0.01 0.0032 
Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 Res RSL 0.05 0.02 0.01 0.0019 
Naphthalene 91-20-3 0.8 RIDEM GA LC 0.27 0.02 0.01 0.0026 
Phenanthrene 85-01-8 29 Eco SSL 9.7 0.02 0.01 0.0018 
Pyrene 129-00-0 1.1 Eco SSL 0.37 0.02 0.01 0.0021 
PCBs by SW-846 8082A            
Aroclor-1016 12674-11-2 0.39 Res RSL 0.13 0.017 0.0085 0.0060 
Aroclor-1221 11104-28-2 0.14 Res RSL 0.047 0.017 0.0085 0.0079 
Aroclor-1232 11141-16-5 0.14 Res RSL 0.047 0.017 0.010 0.0093 
Aroclor-1242 53469-21-9 0.22 Res RSL 0.073 0.017 0.0085 0.0058 
Aroclor-1248 12672-29-6 0.22 Res RSL 0.073 0.017 0.0085 0.0061 
Aroclor-12545 11097-69-1 0.11 Res RSL 0.037 0.017 0.0085 0.0047 
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Matrix: Soil     

Analyte CAS Number Soil PSL(1) (mg/kg) Soil  
PSL Reference(2) 

Project 
LOQ 
Goal      

(mg/kg
) 

Katahdin Limits 

LOQ 
(mg/kg) 

LOD    
(mg/kg

) 
DL (mg/kg) 

Aroclor-1260 11096-82-5 0.22 Res RSL 0.073 0.017 0.0085 0.0060 
Aroclor-1262 6 37324-23-5 0.22 Res RSL 0.073 0.017 0.0085 0.0025 
Aroclor-12686  11100-14-4 0.22 Res RSL 0.073 0.017 0.0085 0.0025 
Metals by SW-846 
6020A(3)/7471B            
Aluminum 7429-90-5 50 Eco SSL 17 30 4 0.51 
Antimony 7440-36-0 0.27 Eco SSL 0.09 0.1 0.05 0.020 
Arsenic 7440-38-2 0.39 Res RSL 0.13 0.5 0.4 0.15 
Barium 7440-39-3 330 Eco SSL 110 0.2 0.1 0.037 
Beryllium 7440-41-7 1.5 RIDEM Res DEC 0.5 0.1 0.02 0.0041 
Cadmium 7440-43-9 0.36 Eco SSL 0.12 0.1 0.02 0.0076 
Calcium 7440-70-2 -- -- -- 10 8 3.8 
Chromium7 7440-47-3 0.29 Res RSL 0.097 0.3 0.2 0.049 
Cobalt 7440-48-4 2.3 Res RSL 0.77 0.1 0.03 0.0054 
Copper 7440-50-8 28 Eco SSL 9.3 0.3 0.2 0.071 
Iron8 7439-89-6 200 Eco SSL 67 10 6 2.40 
Lead 7439-92-1 11 Eco SSL 3.7 0.1 0.05 0.070 
Magnesium 7439-95-4 -- -- -- 10 8 1.37 
Manganese 7439-96-5 180 Res RSL 60 0.2 0.1 0.042 
Mercury 7439-97-6 0.1 Eco SSL 0.033 0.033 0.017 0.0052 
Nickel 7440-02-0 38 Eco SSL 13 0.2 0.12 0.026 
Potassium 7440-09-7 -- -- -- 100 40 4.6 
Selenium 7782-49-2 0.52 Eco SSL 0.17 0.5 0.3 0.039 
Silver 7440-22-4 4.2 Eco SSL 1.4 0.1 0.04 0.0066 
Sodium 7440-23-5 -- -- -- 100 40 2.6 
Thallium 7440-28-0 0.0569 Eco SSL 0.019 0.1 0.04 0.0094 
Vanadium 7440-62-2 2 Eco SSL 0.67 0.5 0.4 0.11 
Zinc 7440-66-6 46 Eco SSL 15 1 0.8 0.13 
Petroleum 
Hydrocarbons            
GRO (C5-C12)  --  --  --  -- 2.5 2 2 
ExTPH (C8-C44)  --  --  --  -- 20 10 5.7 
TPH  -- 500 Res DEC 170 5 3.8 2.6 
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Matrix: Soil   

Analyte CAS Number Soil PSL(1) (pg/g) Soil  
PSL Reference(2) 

LOQ 
Goal      
(pg/g) 

TestAmerica Limits 
LOQ  

(pg/g) 
LOD 

(pg/g) DLs(9) (pg/g)  
Dioxins and Furansby SW-846 8290           
1,2,3,4,6,7,8,9-OCDD(10) 3268-87-9 14000 So/Air SSL 4700 10 1.5 EDL 
1,2,3,4,6,7,8,9-OCDF(10) 39001-02-0 14000 So/Air SSL 4700 10 1.5 EDL 
1,2,3,4,6,7,8-HPCDD(10) 35822-46-9 420 So/Air SSL 140 5 0.75 EDL 
1,2,3,4,6,7,8-HPCDF(10) 67562-39-4 420 So/Air SSL 140 5 0.75 EDL 
1,2,3,4,7,8,9-HPCDF(10) 55673-89-7 420 So/Air SSL 140 5 0.75 EDL 
1,2,3,4,7,8-HXCDD(10) 39227-28-6 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,4,7,8-HXCDF(10) 70648-26-9 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,6,7,8-HXCDD(10) 57653-85-7 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,6,7,8-HXCDF(10) 57117-44-9 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,7,8,9-HXCDD(10) 19408-74-3 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,7,8,9-HXCDF(10) 72918-21-9 42 So/Air SSL 14 5 0.75 EDL 
1,2,3,7,8-PECDD(10) 40321-76-4 4.2 So/Air SSL 1.4 5 0.75 EDL 
1,2,3,7,8-PECDF(10) 57117-41-6 140 So/Air SSL 46.7 5 0.75 EDL 
2,3,4,6,7,8-HXCDF(10) 60851-34-5 42 So/Air SSL 14 5 0.75 EDL 
2,3,4,7,8-PECDF(10) 57117-31-4 14 So/Air SSL 4.7 5 0.75 EDL 
2,3,7,8-TCDD(10) 1746-01-6 4.2 So/Air SSL 1.4 1 0.15 EDL 
2,3,7,8-TCDF(10) 51207-31-9 42 So/Air SSL 14 1 0.15 EDL 
TOTAL HPCDD 37871-00-4 -- -- -- -- -- -- 
TOTAL HPCDF 38998-75-3 -- -- -- -- -- -- 
TOTAL HXCDD 34465-46-8 -- -- -- -- -- -- 
TOTAL HXCDF 55684-94-1 -- -- -- -- -- -- 
TOTAL PECDD 36088-22-9 -- -- -- -- -- -- 
TOTAL PECDF 30402-15-4 -- -- -- -- -- -- 
TOTAL TCDD 41903-57-5 -- -- -- -- -- -- 
TOTAL TCDF 55722-27-5 -- -- -- -- -- -- 

 
Notes: 
1. Although there are separate PSLs for surface and subsurface soil, a single soil PSL representing the lowest of these PSLs is presented here, and the LOQ 

goals and selected methods are the same for all soil samples, in order to simplify sampling and analysis procedures.  The soil PSLs presented are the 
lowest of: 

 EPA Regional Screening Levels (RSLs) residential and industrial soil values (EPA, 2012) 
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 EPA Soil to Air Soil Screening Levels (SSLs) (EPA, 2010b) 

 RIDEM Residential Direct Exposure Criteria (RIDEM, 2011) 

 Selected ecological SSL (applicable only for surface soil PSLs)  
One-tenth values are displayed for non-cancer RSLs and Soil to Air SSLs to correspond to a target hazard quotient of 0.1. The selected ecological SSLs 
are the lowest of the selected benchmarks for plants, invertebrates, and wildlife.  The benchmarks were selected by order of preference according to the 
following hierarchy: 

Order of preference for plants and invertebrates: 

1. EPA Ecological SSLs (U.S. EPA, 2003-2008) 

2a. Oak Ridge National Laboratory (ORNL) Plant Toxicological Benchmark (Efroymson, 1997a)  

2b. ORNL Invertebrate Toxicological Benchmark (Efroymson, 1997b) 

3. Canadian Council and Ministers of Environment (CCME) (CCME, 1997-2010)  

4. Target values for soil remediation (MHSPE, 2000) 

Order of preference for wildlife: 

1. EPA Ecological SSLs (U.S. EPA, 2003-2008) 

2. CCME (CCME, 2010)  

3. EPA Region 5 Ecological Screening Levels (U.S. EPA, 2003). 
 2. PSL Reference Abbreviations: 

 Eco SSL = Selected ecological SSL 

 Res RSL = EPA RSL residential soil value 

 So/Air SSL = EPA Soil to Air SSL 

 Res DEC = RIDEM Residential Direct Exposure Criteria 

3. The LOQs, LODs, and DLs presented for metals analyzed by Method 6020A reflect an assumed dilution factor of 5, which is typically required for solids 
analysis by this method.  If the dilution factor is different, the values will be adjusted accordingly. 

4. PSL value is for xylenes. 

5. The 1/10th non-cancer (N) value is lower than the cancer (C) value; therefore, the 1/10th N value is presented. 

6. PSL value is for Aroclor 1260. 

7. PSL value is for hexavalent chromium. 
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8. Standard is from “Efroymson, R.Al, M.E. Will, and G. W. Suter II.  1997b. Toxicological Benchmarks for Contaminants of Potential Concerns for Effects on 
Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision.  Oak Ridge National Laboratory. November.  ES/ER/TM-126/R2.”, and is based 
upon toxic effects to invertebrates. 

9. Estimated Detection Limit (EDL) - For each chemical not detected, an EDL is calculated.  The sample-specific EDL is an estimate made by the laboratory of 
the concentration of a given chemical that would have to be present to produce a signal with a peak height of at least 2.5 times the background signal level. 
The estimate is specific to a particular analysis of the sample and will be affected by sample preparation factors such as sample size, percent solids, and 
dilution.  Non-detected results will be reported with an associated value of the EDL, and results between the LOQ and EDL will be flagged as estimated “J”. 
LODs, and shading of PSLs below LODs, are presented for informational purposes. 

10. PSL value presented is the screening level for total TEQ of 2,3,7,8-TCDD (4.2 pg/g), divided by the congener’s 2005 World Health Organization (WHO) 
TEF for humans and mammals (Van den Berg, et al, 2006). This value is presented as an approximate value by which to evaluate analytical sensitivity, but 
it will not be compared with the individual dioxin or furan congener’s concentrations to make project decisions according to the decision rules described in 
Worksheet 11, Section 11.4.  To make the project decisions, each congener concentration will be multiplied by the congener’s TEF; the TEF-adjusted 
concentrations of all congeners will be summed to obtain the total TEQ, and the total TEQ will be compared with the total TEQ PSL.  
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SAP Worksheet #15b – Reference Limits and Evaluation Table 
(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: 
Groundwater 

 
 

  

Analyte CAS Number Groundwater PSL(1) (µg/L) Groundwater PSL 
Reference(1) 

Project 
LOQ 
Goal      
(µg/L) 

Katahdin Limits 

LOQ 
(µg/L) 

LOD    
(µg/L) DL (µg/L) 

1,2-Dibromoethane  
(EDB) by SW-846 
8011 106-93-4 0.0065 RSL Tapwater 0.0022 0.05 0.025 0.0073 
VOCs by SW-846 
8260B          

1,2,4-
Trimethylbenzene 95-63-6 1.5 RSL Tapwater 0.5 1 0.5 0.19 
1,3,5-
Trimethylbenzene 108-67-8 8.7 RSL Tapwater 2.9 1 0.5 0.2 
2-Butanone (MEK) 78-93-3 490 RSL Tapwater 160 5 2.5 1.31 
2-Hexanone 591-78-6 3.4 RSL Tapwater 1.1 5 2.5 1.7 
4-Methyl-2-
pentanone (MIBK) 108-10-1 100 RSL Tapwater 67 5 2.5 1.32 
Acetone 67-64-1 1200 RSL Tapwater 400 5 2.5 2.21 
Benzene 71-43-2 0.39 RSL Tapwater 0.13 1 0.5 0.26 
Bromoform 75-25-2 7.9 RSL Tapwater 0.0028 1 0.5 0.23 
Bromomethane 74-83-9 0.7 RSL Tapwater 0.23 2 1 0.49 
Carbon disulfide 75-15-0 72 RSL Tapwater 24 1 0.5 0.25 
Cyclohexane 110-82-7 100 EPA VI Guidance 33 1 0.5 0.31 
Ethylbenzene 100-41-4 1.3 RSL Tapwater 0.5 1 0.5 0.21 
Isopropylbenzene 98-82-8 39 RSL Tapwater 13 1 0.5 0.23 
m,p-Xylenes(2) 179601-23-1 19 RSL Tapwater 6.3 2 1 0.59 
Methyl acetate 79-20-9 1600 RSL Tapwater 533 1 0.5 0.5 
Methylcyclohexane 108-87-2 -- -- -- 1 0.5 0.3 
Methyl-tert-butyl 
ether 1634-04-4 12 RSL Tapwater 4 1 0.5 0.36 
Naphthalene 91-20-3 0.14 RSL Tapwater 0.047 1 0.5 0.3 
n-Butylbenzene 104-51-8 78 RSL Tapwater 26 1 0.5 0.23 
n-Propylbenzene 103-65-1 53 RSL Tapwater 18 1 0.5 0.26 
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Matrix: 
Groundwater 

 
 

  

Analyte CAS Number Groundwater PSL(1) (µg/L) Groundwater PSL 
Reference(1) 

Project 
LOQ 
Goal      
(µg/L) 

Katahdin Limits 

LOQ 
(µg/L) 

LOD    
(µg/L) DL (µg/L) 

o-Xylene 95-47-6 19 RSL Tapwater 6.3 1 0.5 0.25 
p-Isopropyltoluene 99-87-6 -- -- -- 1 0.5 0.25 
sec-Butylbenzene(10) 135-98-8 78 RSL Tapwater 26 1 0.5 0.21 

Styrene 100-42-5 110 
EPA MCL/ RIDEM GA 

Objective 37 1 0.5 0.23 
tert-Butylbenzene(10) 98-06-6 78 RSL Tapwater 26 1 0.5 0.31 
Toluene 108-88-3 86 RSL Tapwater 29 1 0.5 0.27 
Xylenes (total) 1330-20-7 19 RSL Tapwater 6.3 3 1.5 0.25 
PAHs by SW-846 
8270D SIM        
2-
Methylnaphthalene 91-57-6 2.7 RSL Tapwater 0.9 0.2 0.1 0.077 
Acenaphthene 83-32-9 40 RSL Tapwater 13 0.2 0.1 0.064 
Acenaphthylene(3) 208-96-8 40 RSL Tapwater 13 0.2 0.1 0.054 
Anthracene 120-12-7 130 RSL Tapwater 43 0.2 0.1 0.044 
Benzo(a)anthracene 56-55-3 0.029 RSL Tapwater 0.0097 0.2 0.1 0.046 
Benzo(a)pyrene 50-32-8 0.0029 RSL Tapwater 0.00097 0.2 0.1 0.066 
Benzo(b)fluoranthen
e 205-99-2 0.029 RSL Tapwater 0.0097 0.2 0.1 0.089 
Benzo(g,h,i)perylen
e(4) 191-24-2 8.7 RSL Tapwater 2.9 0.2 0.1 0.065 
Benzo(k)fluoranthen
e 207-08-9 0.29 RSL Tapwater 0.097 0.2 0.1 0.049 
Chrysene 218-01-9 2.9 RSL Tapwater 0.97 0.2 0.1 0.036 
Dibenzo(a,h)anthrac
ene 53-70-3 0.0029 RSL Tapwater 0.00097 0.2 0.1 0.07 
Fluoranthene 206-44-0 63 RSL Tapwater 21 0.2 0.1 0.073 
Fluorene 86-73-7 22 RSL Tapwater 7.3 0.2 0.1 0.061 
Indeno(1,2,3-
c,d)pyrene 193-39-5 0.029 RSL Tapwater 0.0097 0.2 0.1 0.052 
Naphthalene 91-20-3 0.14 RSL Tapwater 0.047 0.2 0.1 0.064 
Phenanthrene(4) 85-01-8 8.7 RSL Tapwater 2.9 0.2 0.1 0.051 



Project-Specific Sampling and Analysis Plan                                         Title: Data Gaps Assessment 
Site Name: Tank Farm 3, Category 1 Areas Document No.: W5211738F 
Project Name: NAVSTA Newport Revision Number: 0  
Site Location: Newport, Rhode Island Date: May 2013 
 

                                                    Page 61 of 126 

 
Matrix: 
Groundwater 

 
 

  

Analyte CAS Number Groundwater PSL(1) (µg/L) Groundwater PSL 
Reference(1) 

Project 
LOQ 
Goal      
(µg/L) 

Katahdin Limits 

LOQ 
(µg/L) 

LOD    
(µg/L) DL (µg/L) 

Pyrene 129-00-0 8.7 RSL Tapwater 2.9 0.2 0.1 0.059 
PCBs by SW-846 
8082A            
Aroclor-1016(5) 12674-11-2 0.11 RSL Tapwater 0.034 0.50 0.25 0.15 
Aroclor-1221 11104-28-2 0.004 RSL Tapwater 0.00013 0.50 0.25 0.20 
Aroclor-1232 11141-16-5 0.004 RSL Tapwater 0.00013 0.50 0.25 0.089 
Aroclor-1242 53469-21-9 0.034 RSL Tapwater 0.011 0.50 0.25 0.18 
Aroclor-1248 12672-29-6 0.034 RSL Tapwater 0.011 0.50 0.25 0.20 
Aroclor-1254 11097-69-1 0.034 RSL Tapwater 0.011 0.50 0.25 0.082 
Aroclor-1260 11096-82-5 0.034 RSL Tapwater 0.011 0.50 0.25 0.17 
Aroclor-1262 (6) 37324-23-5 0.034 RSL Tapwater 0.011 0.50 0.25 0.07 
Aroclor-1268 (6) 11100-14-4 0.034 RSL Tapwater 0.011 0.50 0.25 0.07 
Metals by SW-846 6020A(7)/7470A          
Aluminum 7429-90-5 1600 RSL Tapwater 533 300 40 4.4 
Antimony 7440-36-0  0.6 RSL Tapwater 0.2 1 0.5 0.054 
Arsenic 7440-38-2 0.045 RSL Tapwater 0.015 5 4 2.2 
Barium 7440-39-3 290 RSL Tapwater 97 2 1 0.27 
Beryllium 7440-41-7 4 EPA MCL 1.3 1 0.2 0.034 
Cadmium 7440-43-9  0.69 RSL Tapwater 0.23 1 0.2 0.030 
Calcium 7440-70-2 -- -- -- 100 80 20 
Chromium(8) 7440-47-3 0.031 RSL Tapwater 0.010 3 2 0.22 
Cobalt 7440-48-4  0.47 RSL Tapwater 0.16 1 0.3 0.060 
Copper 7440-50-8 62 RSL Tapwater 21 3 2 0.18 
Iron 7439-89-6 1100 RSL Tapwater 367 100 60 13 
Lead 7439-92-1 15 EPA MCL 5 1 0.5 0.074 
Magnesium 7439-95-4 -- -- -- 100 80 7.8 
Manganese 7439-96-5 32 RSL Tapwater 11 2 1 0.35 
Mercury 7439-97-6 0.067 EPA VI Guidance 0.022 0.2 0.1 0.013 
Nickel 7440-02-0 30 RSL Tapwater 10 2 1.2 0.151 
Potassium 7440-09-7 -- -- -- 1000 400 31 
Selenium 7782-49-2 7.8 RSL Tapwater 2.6 5 3 0.19 
Silver 7440-22-4 7.1 RSL Tapwater 2.4 1 0.4 0.050 
Sodium 7440-23-5 -- -- -- 1000 400 18 
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Matrix: 
Groundwater 

 
 

  

Analyte CAS Number Groundwater PSL(1) (µg/L) Groundwater PSL 
Reference(1) 

Project 
LOQ 
Goal      
(µg/L) 

Katahdin Limits 

LOQ 
(µg/L) 

LOD    
(µg/L) DL (µg/L) 

Thallium 7440-28-0 2 
EPA MCL/RIDEM GA 

Objective 0.67 1 0.4 0.060 
Vanadium(9) 7440-62-2 7.8 RSL Tapwater 2.6 5 4 0.51 
Zinc 7440-66-6 470 RSL Tapwater 157 10 8 3.9 
 
Notes: 
--  = Not available or not applicable 

1. The groundwater PSL is the lowest of: 

 EPA RSL tapwater value (EPA, 2012) (RSL Tapwater) 

 EPA MCL (EPA, 2010a) 

 RIDEM GA Objective (RIDEM, 2011) 

 EPA's Vapor Intrusion Screening Level (VISL) Calculator Version 2.0 (EPA, May 2012).  Values correspond to a target cancer risk level of 1E-6 and an 
attenuation factor of 0.001. 

 One-tenth values are displayed for non-cancer RSLs and vapor intrusion (VI) values to correspond to a target HQ of 0.1. 

2. PSL value is for m-xylene. 

3. PSL value is for Acenaphthene. 

4. PSL value is for pyrene. 
5. The 1/10th non-cancer (N) value is lower than the cancer (C) value; therefore, the 1/10th N value is presented. 

6. PSL value is for Aroclor 1260. 

7. The LOQs, LODs, and DLs presented for metals analyzed by Method 6020A reflect an assumed dilution factor of 5, which is typically required for 
groundwater analysis by this method.  If the dilution factor is different, the values will be adjusted accordingly. 

8. PSL value is for hexavalent chromium. 

9. PSL value is for vanadium and compounds. 

10. PSL value is for n-Butylbenzene. 
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SAP Worksheet #15c – Reference Limits and Evaluation Table 
(UFP-QAPP Manual Section 2.8.1) 

 
Matrix: Sediment      

Analyte CAS Number 
Sediment 

PSL(1) 
(mg/kg) 

Sediment 
PSL 

Reference(2) 

Project LOQ 
Goal      

(mg/kg) 

Katahdin Limits  
LOQ 

(mg/kg) 
LOD    

(mg/kg) 
DL 

(mg/kg) 
VOCs by SW-846 8260B         
1,2,4-Trimethylbenzene 95-63-6 6.2 RSL Res 2.1 0.005 0.0025 0.00087 
1,2-Dibromoethane  (EDB) 106-93-4 0.034 RSL Res 0.011 0.005 0.0025 0.0012 
1,3,5-Trimethylbenzene 108-67-8 78 RSL Res 26 0.005 0.0025 0.00067 
2-Butanone (MEK) 78-93-3 0.27 Eco Sed SL 0.09 0.025 0.0125 0.0059 
2-Hexanone 591-78-6 0.022 Eco Sed SL 0.0073 0.025 0.0125 0.0048 
4-Methyl-2-pentanone (MIBK) 108-10-1 0.033 Eco Sed SL 0.011 0.025 0.0125 0.0059 
Acetone 67-64-1 0.0087 Eco Sed SL 0.0029 0.025 0.0125 0.0051 
Benzene 71-43-2 0.16 Eco Sed SL 0.053 0.005 0.0025 0.00092 
Bromoform 75-25-2 0.654 Eco Sed SL 0.22 0.005 0.0025 0.0007 
Bromomethane 74-83-9 0.73 RSL Res 0.24 0.01 0.005 0.0011 
Carbon disulfide 75-15-0 0.000851 Eco Sed SL 0.00028 0.005 0.0025 0.00078 
Cyclohexane 110-82-7 700 RSL Res 230 0.005 0.0025 0.0014 
Ethylbenzene 100-41-4 1.1 Eco Sed SL 0.37 0.005 0.0025 0.00065 
Isopropylbenzene 98-82-8 0.08 Eco Sed SL 0.027 0.005 0.0025 0.00092 
m,p-Xylenes(3) 179601-23-1 59 RSL Res 20 0.01 0.005 0.0017 
Methyl acetate 79-20-9 7800 RSL Res 2600 0.005 0.0025 0.0027 
Methylcyclohexane 108-87-2 -- -- -- 0.005 0.0025 0.00096 
Methyl-tert-butyl ether 1634-04-4 43 RSL Res 14 0.005 0.0025 0.0011 
Naphthalene 91-20-3 0.176 Eco Sed SL 0.059 0.005 0.0025 0.00088 
n-Butylbenzene 104-51-8 -- -- -- 0.005 0.0025 0.00092 
n-Propylbenzene 103-65-1 340 RSL Res 110 0.005 0.0025 0.00083 
o-Xylene 95-47-6 69 RSL Res 23 0.005 0.0025 0.0013 
p-Isopropyltoluene 99-87-6 -- -- -- 0.005 0.0025 0.00076 
sec-Butylbenzene 135-98-8 -- -- -- 0.005 0.0025 0.00091 
Styrene 100-42-5 0.559 Eco Sed SL 0.19 0.005 0.0025 0.00051 
tert-Butylbenzene 98-06-6 -- -- -- 0.005 0.0025 0.0009 
Toluene 108-88-3 0.05 Eco Sed SL 0.017 0.005 0.0025 0.0014 
Xylenes (total) 1330-20-7 0.16 Eco Sed SL 0.053 0.015 0.0075 0.0013 
PAHs by SW-846 8270D SIM           
2-Methylnaphthalene 91-57-6 0.0202 Eco Sed SL 0.0067 0.02 0.01 0.0022 
Acenaphthene 83-32-9 0.0067 Eco Sed SL 0.0022 0.02 0.01 0.0015 
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Matrix: Sediment      

Analyte CAS Number 
Sediment 

PSL(1) 
(mg/kg) 

Sediment 
PSL 

Reference(2) 

Project LOQ 
Goal      

(mg/kg) 

Katahdin Limits  
LOQ 

(mg/kg) 
LOD    

(mg/kg) 
DL 

(mg/kg) 
Acenaphthylene 208-96-8 0.0059 Eco Sed SL 0.002 0.02 0.01 0.0012 
Anthracene 120-12-7 0.0572 Eco Sed SL 0.019 0.02 0.01 0.0012 
Benzo(a)anthracene 56-55-3 0.108 Eco Sed SL 0.036 0.02 0.01 0.0019 
Benzo(a)pyrene 50-32-8 0.015 RSL Res 0.005 0.02 0.01 0.0033 
Benzo(b)fluoranthene(4) 205-99-2 0.13 Eco Sed SL 0.043 0.02 0.01 0.0024 
Benzo(g,h,i)perylene 191-24-2 0.17 Eco Sed SL 0.057 0.02 0.01 0.002 
Benzo(k)fluoranthene 207-08-9 0.24 Eco Sed SL 0.08 0.02 0.01 0.0031 
Chrysene 218-01-9 0.166 Eco Sed SL 0.055 0.02 0.01 0.0017 
Dibenzo(a,h)anthracene 53-70-3 0.015 RSL Res 0.005 0.02 0.01 0.0018 
Fluoranthene 206-44-0 0.423 Eco Sed SL 0.14 0.02 0.01 0.0018 
Fluorene 86-73-7 0.0774 Eco Sed SL 0.026 0.02 0.01 0.0032 
Indeno(1,2,3-c,d)pyrene 193-39-5 0.017 Eco Sed SL 0.0057 0.02 0.01 0.0019 
Naphthalene 91-20-3 0.176 Eco Sed SL 0.059 0.02 0.01 0.0026 
Phenanthrene 85-01-8 0.204 Eco Sed SL 0.068 0.02 0.01 0.0018 
Pyrene 129-00-0 0.195 Eco Sed SL 0.065 0.02 0.01 0.0021 
Metals by SW-846 6020A(5)/7471B            
Aluminum 7429-90-5 7700 RSL Res 2600 30 4 0.51 
Antimony 7440-36-0 2 Eco Sed SL 0.67 0.1 0.05 0.020 
Arsenic 7440-38-2 0.39 RSL Res 0.13 0.5 0.4 0.15 
Barium(4) 7440-39-3 48 Eco Sed SL 16 0.2 0.1 0.037 
Beryllium 7440-41-7 16 RSL Res 5.3 0.1 0.02 0.0041 
Cadmium 7440-43-9 0.99 Eco Sed SL 0.33 0.1 0.02 0.0076 
Calcium 7440-70-2 -- -- -- 10 8 3.8 
Chromium(6) 7440-47-3 0.29 RSL Res 0.097 0.3 0.2 0.049 
Cobalt 7440-48-4 2.3 RSL Res 0.77 0.1 0.03 0.0054 
Copper 7440-50-8 31.6 Eco Sed SL 11 0.3 0.2 0.071 
Iron 7439-89-6 5500 RSL Res 1800 10 6 2.40 
Lead 7439-92-1 35.8 Eco Sed SL 12 0.1 0.05 0.070 
Magnesium 7439-95-4 -- -- -- 10 8 1.37 
Manganese 7439-96-5 180 RSL Res 60 0.2 0.1 0.042 
Mercury 7439-97-6 0.18 Eco Sed SL 0.06 0.033 0.017 0.0052 
Nickel 7440-02-0 22.7 Eco Sed SL 7.6 0.2 0.12 0.026 
Potassium 7440-09-7 -- -- -- 100 40 4.6 
Selenium 7782-49-2 2 Eco Sed SL 0.67 0.5 0.3 0.039 
Silver 7440-22-4 1 Eco Sed SL 0.33 0.1 0.04 0.0064 
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Matrix: Sediment      

Analyte CAS Number 
Sediment 

PSL(1) 
(mg/kg) 

Sediment 
PSL 

Reference(2) 

Project LOQ 
Goal      

(mg/kg) 

Katahdin Limits  
LOQ 

(mg/kg) 
LOD    

(mg/kg) 
DL 

(mg/kg) 
Sodium 7440-23-5 -- -- -- 100 40 2.6 
Thallium 7440-28-0 0.078 RSL Res 0.026 0.1 0.04 0.0094 
Vanadium(7) 7440-62-2 39 RSL Res 13 0.5 0.4 0.11 
Zinc 7440-66-6 121 Eco Sed SL 40 1 0.8 0.13 
1,2,3,4,6,7,8,9-OCDD(9, 10) 3268-87-9 8500 Eco Sed SL 2800 10 1.5 EDL 
1,2,3,4,6,7,8,9-OCDF(9, 10) 39001-02-0 8500 Eco Sed SL 2800 10 1.5 EDL 
1,2,3,4,6,7,8-HPCDD(10, 11) 35822-46-9 450 RSL Res 150 5 0.75 EDL 
1,2,3,4,6,7,8-HPCDF(9, 10) 67562-39-4 85 Eco Sed SL 28 5 0.75 EDL 
1,2,3,4,7,8,9-HPCDF(9, 10) 55673-89-7 85 Eco Sed SL 28 5 0.75 EDL 
1,2,3,4,7,8-HXCDD(9, 10) 39227-28-6 1.7 Eco Sed SL 0.6 5 0.75 EDL 
1,2,3,4,7,8-HXCDF(9, 10) 70648-26-9 8.5 Eco Sed SL 2.8 5 0.75 EDL 
1,2,3,6,7,8-HXCDD(10, 11) 57653-85-7 45 RSL Res 15 5 0.75 EDL 
1,2,3,6,7,8-HXCDF(9, 10) 57117-44-9 8.5 Eco Sed SL 2.8 5 0.75 EDL 
1,2,3,7,8,9-HXCDD(10, 11) 19408-74-3 45 RSL Res 15 5 0.75 EDL 
1,2,3,7,8,9-HXCDF(9, 10) 72918-21-9 8.5 Eco Sed SL 2.8 5 0.75 EDL 
1,2,3,7,8-PECDD(9, 10) 40321-76-4 0.85 Eco Sed SL 0.28 5 0.75 EDL 
1,2,3,7,8-PECDF(9, 10) 57117-41-6 17 Eco Sed SL 6 5 0.75 EDL 
2,3,4,6,7,8-HXCDF(9, 10) 60851-34-5 8.5 Eco Sed SL 2.8 5 0.75 EDL 
2,3,4,7,8-PECDF(9, 10) 57117-31-4 1.7 Eco Sed SL 0.6 5 0.75 EDL 
2,3,7,8-TCDD(9, 10) 1746-01-6 0.85 Eco Sed SL 0.28 1 0.15 EDL 
2,3,7,8-TCDF(9, 10) 51207-31-9 17 Eco Sed SL 6 1 0.15 EDL 
TOTAL HPCDD 37871-00-4 -- -- -- -- -- -- 
TOTAL HPCDF 38998-75-3 -- -- -- -- -- -- 
TOTAL HXCDD 34465-46-8 -- -- -- -- -- -- 
TOTAL HXCDF 55684-94-1 -- -- -- -- -- -- 
TOTAL PECDD 36088-22-9 -- -- -- -- -- -- 
TOTAL PECDF 30402-15-4 -- -- -- -- -- -- 
TOTAL TCDD 41903-57-5 -- -- -- -- -- -- 
TOTAL TCDF 55722-27-5 -- -- -- -- -- -- 
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Notes: 
-- = Not available or not applicable 

1. The sediment PSLs are the lower of: 

 EPA Regional Screening Level (RSL) residential and industrial soil values (EPA, 2012) 

 Selected ecological sediment SLs  
One-tenth values are displayed for non-cancer RSLs to correspond to a target hazard quotient (HQ) of 0.1.The selected ecological sediment SLs were selected by 
order of preference according to the following hierarchy: 

1. EPA Region 3 Biological Technical Assistance Group (BTAG) Freshwater Sediment Screening Benchmarks (U.S. EPA, 2006a) 
2. Secondary Chronic Value (SCV) (Jones, D.S., et al, 1997) 
3. EPA Sediment Quality Benchmarks (SQB) (U.S. EPA, 2006b) (Based on 1% Total Organic Carbon.)   
4. National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQuiRT) Sediment Benchmarks (Buchman, M. F., 2008) 
(Freshwater value unless otherwise noted). 

2. PSL Reference Abbreviations: 

 Eco Sed SL  

 Res RSL = EPA RSL residential soil value 
3.  PSL value is for m-xylene. 

4. Eco Sed SL is a saltwater (marine sediment) value. 

5. The LOQs, LODs, and DLs presented for metals analyzed by Method 6020A reflect an assumed dilution factor of 5, which is typically required for solids analysis by 
this method. If the dilution factor is different, the values will be adjusted accordingly. 

6. PSL value is for hexavalent chromium. 

7. PSL value is for vanadium and compounds. 

8. Estimated Detection Limit (EDL) - For each chemical not detected, an EDL is calculated.  The sample-specific EDL is an estimate made by the laboratory of the 
concentration of a given chemical that would have to be present to produce a signal with a peak height of at least 2.5 times the background signal level. The 
estimate is specific to a particular analysis of the sample and will be affected by sample preparation factors such as sample size, percent solids, and dilution. Non-
detected results will be reported with an associated value of the EDL, and results between the LOQ and EDL will be flagged as estimated “J”.  LODs, and shading 
of PSLs below LODs, are presented for informational purposes. 

9. PSL value presented is the screening level for total TEQ of 2,3,7,8-TCDD (0.85 picogram per gram  pg/g), divided by the congener’s 1998 WHO TEF for fish (Van 
den Berg, et al, 1998). 

10. The PSL value is presented as an approximate value by which to evaluate analytical sensitivity, but it will not be compared with the individual dioxin or furan 
congener’s concentrations to make project decisions according to the decision rules described in Worksheet 11, Section 11.4.  To make the project decisions, each 
congener concentration will be multiplied by the congener’s TEF; the TEF-adjusted concentrations of all congeners will be summed to obtain the total TEQ, and the 
total TEQ will be compared with the total TEQ PSL.  

11. PSL value presented is the screening level for total TEQ of 2,3,7,8-TCDD (4.5 pg/g), divided by the congener’s 2005 WHO TEF for humans and mammals (Van den 
Berg, et al, 2006). 
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SAP Worksheet #16 -- Project Schedule / Timeline Table (optional format) 
(UFP-QAPP Manual Section 2.8.2) 
 
 

 
Activities 

 
Organization 

 
Dates (MM/DD/YY)  

Deliverable 
 

Deliverable 
Due Date 

 
Anticipated Date(s)  

of Initiation 

 
Anticipated Date of 

Completion 

Soil, sediment and 
groundwater sampling Tetra Tech May 2013 June 2013 

Category 1 - 
Draft DGA 

Report 

December 8, 
2013 
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SAP Worksheet #17 -- Sampling Design and Rationale 
(UFP-QAPP Manual Section 3.1.1) 
 

The sampling design for this project is based on the need to fill data gaps that exist after the completion 

of various other site investigations and remedial actions conducted by the DESC.  To fill the data gaps, 

Tetra Tech has expanded the list of analytes and the sampling areas in places to be investigated under 

this SAP.  The sampling SOPs for groundwater and soil sampling for both categories are identified in 

Worksheet #18 and included in Appendix B.  Project-specific sampling procedures are detailed in 

Appendix D. 

 
AOC 001 
 
AOC 001 was originally screened and tested for a limited number of analytes in soil, mainly TPH, using 

Petroflag™ screening and/or laboratory analyses.  The sand filter/burn chamber was reported to have 

previously been used for burning of tank sludge.  Given the site history, the Project Team decided to 

expand the analyte list to include contaminants such as metals that may be present due to burning sludge 

and expand the sampling area and the number of soil samples being collected in these areas.  One 

groundwater sample (from GZ-301) will also be collected in this area to confirm previous results indicating 

no impact to groundwater.   

 
The soil sampling for this project is designed to re-sample areas of highest contamination previously 

detected on the west and south sides of the former burn chamber and to step out approximately 10 feet 

from those locations in an attempt to delineate soil contamination in the lateral direction.  In addition, 

locations adjacent to the former sampling stations on the north and east side of the former burn chamber 

were also selected for sampling.  Two sampling locations along the discharge line from the burn chamber 

were also selected, but could be adjusted pending the results of the geophysical investigation (Worksheet 

#14).  Locations of potential releases from the piping will be targeted.  At each location two samples will 

be collected, one surface soil sample and one subsurface soil sample, in an attempt to delineate 

contamination vertically.   

 

The sampling area for AOC 001 is focusing on areas of potentially contaminated soil, based upon 

previous data and historical record.  This sampling technique makes the results of the analyses 

conservative in that they likely represent worst-case scenario soil conditions within the AOC.  Sampling 

sites (Figure 3) will be located in the field using a global positioning system (GPS).  Field geophysical 

methods to determine the location of the discharge pipe (Worksheet #14).  The locations of the previous 

and proposed samples that will be collected are shown on Figure 3. 

 
Eight soil borings will be advanced using direct push technology (DPT) or conventional drilling methods at 

the discretion of the Project Manager who will base this decision on field conditions.  The burn chamber 
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structure was reportedly constructed on top of bedrock (Tetra Tech EC, 2005).  Therefore, borings will be 

advanced to the top of bedrock.  Surface soil samples will be collected from the 0 to 1 foot interval.  The 

subsurface soil sample will be selected collected based on PID headspace screening and visual and 

olfactory observations, in order to collect the subsurface sample from the most contaminated depth, 

based on the discretion of the FOL.  Project specific field procedures are described in Appendix D.  Soil 

samples will be analyzed for VOCs, TPH (GRO and ExTPH), PAHs, metals, and dioxins.  The number of 

sampling locations has been summarized in Table 17-1.  The locations where field duplicate and QC 

samples are collected will be determined in the field by the FOL.  Field duplicates will be collected where 

detectable levels of contamination are expected to be found based on field conditions and screening 

measurements. 

 
Sediment samples will also be collected from the AOC 001 discharge area in the wetland to the 

immediate north and within Lawton’s Brook.  Six locations are presented on Figure 3 (subject to change 

during the site walk depending on conditions).  All locations will be sampled at the 0-6 inch interval.  A 

one-foot interval sediment sample will also be collected from SD03, SD04, and, SD05 at a depth of  

between 6 inches and 5 feet.  The one-foot interval will be chosen in the field, determined by visual or 

olfactory evidence, or fine grained material if visual or olfactory evidence is not observed.  Shallow 

sediment samples will be analyzed for VOCs, TPH (GRO and ExTPH), PAHs, metals and dioxins.  

Deeper sediment samples will be analyzed for VOCs, TPH (GRO and ExTPH), PAHs and metals.   

 
The water body at the Site is a wetland and is a low energy environment.  A storm event that would cause 

scouring of the wetland and expose deeper sediment is unlikely. Therefore, the deeper sediment samples 

are going to be analyzed for nature and extent purposes and not risk assessment purposes.   

 
Building 227 

 
This building contains an electrical transformer and batteries.  With the exception of an investigation for 

TPH in soil around a presumed pipe on the south side of the building, and the sampling of groundwater 

downgradient of the structure (monitoring well GZ-318), investigation of this building has been limited.  

Soil around this presumed pipe was originally screened for TPH using Petroflag™ screening.  Given the 

historical use of this building, the Project Team decided to expand the analyte list for soil to include 

contaminants (PCBs, metals, ExTPH and GRO) that may be present due to the use of this structure as an 

ECH.  Additional groundwater samples will be collected from existing monitoring well TF3-ECH-GZ-318 

and newly installed monitoring well TF3-ECH-MW01to confirm previous results indicating no impact to 

groundwater using an expanded target analyte list.   

 
The targeted sampling areas are each side of the building and the pipe on the south side of the building.  

The sampling locations (Figure 4) around the building are approximate and may be adjusted in the field to 

collect samples adjacent to all doors to the building.   
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Eight soil borings will be advanced using DPT or conventional drilling methods at the discretion of the 

Project Manager who will base this decision on field conditions.  Borings will be advanced to 10 feet bgs.  

Soil samples will be collected from the 0 to 1 foot interval.  The subsurface soil samples around the 

building will be collected from the 2 to 4 foot interval, which, based on the presumption of a release to 

surface soil, would be the most contaminated subsurface soil interval.  In addition, subsurface soil depths 

around the presumed pipe will be collected from the depth directly beneath the pipe.  All soil samples will 

be analyzed for PCBs and metals.  The number of sampling locations has been summarized in Table 17-

1.  The locations where field duplicate and QC samples are collected will be determined in the field by the 

FOL.  Field duplicates will be collected where detectable levels of contamination are expected to be 

found, based on field conditions and screening measurements. 

 
AOC 020 

 
This AOC currently contains two pad mounted transformers around which PCBs have been detected in 

surface soils.  PCBs were detected on the north side of transformer 1 (TF3-TF1-D) and on the east (TF3-

TF2-C) and west (TF3-TF2-A) sides of transformer 2.  Soil sampling is designed to confirm the PCBs in 

the three locations and to step out from each location in two horizontal directions and in the vertical 

(Figure 5).  New soil boring locations will be 10 to 15 feet from the old locations with detections of PCBs.  

The sampling program has also been designed to determine if PCBs are present in subsurface soils, by 

collecting subsurface soil samples from each location.  Figure 5 shows the locations of the previous soil 

samples and the locations of the proposed soil samples.     

 
Eight soil borings will be advanced using DPT or conventional drilling methods at the discretion of the 

Project Manager.  Borings will be advanced to 10 feet bgs.  Soil samples will be collected from the 0 to 1 

foot interval.  Subsurface soil will be collected from 2 to 4-feet bgs, unless field observations (visual or 

olfactory evidence) suggest a different interval would contain more transformer oil or related 

contaminants.  The number of sampling locations has been summarized in Table 17-1.  The locations 

where field duplicate and QC samples are collected will be determined in the field by the FOL. Field 

duplicates will be collected where detectable levels of contamination are expected to be found based on 

field conditions and screening measurements. 

 
One groundwater sample (from GZ-314) will also be collected in this area to determine if the PCBs in soil 

have impacted groundwater.  Figure 5 shows the location of GZ-314. 
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Table 17-1 – Number of Sample Locations by Analytical Group, Matrix, 

Tank Farm 3 Category 1 Areas, and Depth (Soils) 
 

Area 
Depth (Soils) VOCs(1) EDB(1) TPH PAHs Metals PCBs Dioxins 

Soil 
AOC TF3-001        

0-1’ bgs 8  8 8 8  8 

2’ to the top of 
bedrock (2’ interval To 
Be Determined 
[TBD])* 

8  8 8 8  8 

AOC TF3-020        

0-1’ bgs      8  

2-10’ bgs (2’ interval 
TBD)*      8  

ECH (Building 227)        

0-1’ bgs   8  8 8  

2-10’ bgs (2’ interval 
TBD)*   8  8 8  

Total Soils 16  32 16 32 32 16 

Groundwater 

TF3-001-GZ301 1 1  1 1   

TF3-020-GZ314      1  

TF3-ECH-GZ318     1 1  

TF3-ECH-MW01     1 1  

Total Groundwater 1 1  1 3 3  

Sediment 
TF3-001-SD01 to 
SD06, 0-6 inches 6  6 6 6  6 

TF3-001-SD03 to 
SD05, subsurface 
sample depth TBD in 
the field 

3  3 3 3  3 

Total Sediment 9  9 9 9  9 

 
* - Subsurface soil sampling depths will be determined by the field geologist using the criteria described in 
Worksheet #17. 
 
1. EDB is a VOC but is listed separately from VOCs for groundwater (and associated rinsate blanks) because it 

will be analyzed by SW-846 8011 instead of SW-846 8260B.  EDB in soil and sediment (and associated 
rinsate blanks) will be analyzed by 8260B and is included within the VOC analytical group. 
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SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 

Area Location Identification Matrix Depth 
(bgs) Analytical Group Number of 

Samples(1) 
Sampling SOP 

Reference(2) 

AOC 001 
 

TF3-001-SB101 through 
TF3-001-SB108 Soil 

0-1 foot 
VOCs, GRO 
ExTPH, PAHs, 
Metals, Dioxins 

8 
GH-1.3, SA-1.3 
 

2-10 feet 
(2’ interval TBD) 

VOCs, GRO, 
ExTPH, PAHs, 
Metals, Dioxins 

8 

TF3-001-SD01 through TF3-
001-SD06 Sediment 0-0.5 feet  

VOCs, GRO, 
ExTPH, PAHs, 
Metals, Dioxins 

6 SA-1.2 

 TF3-001-SD03 through TF3-
001-SD05 Sediment 0.5 to 5 feet (TBD) 

VOCs, GRO 
ExTPH, PAHs, 
Metals 

3 SA-1.2 

 GZ301 Groundwater Varies VOC, EDB(3),  
PAHs, Metals 1 GW001 (EPA) 

AOC 020 

TF3-020-SB101 through 
TF3-020-SB108 Soil 

0-1 foot PCBs 8 
GH-1.3, SA-1.3 

2-10 feet 
(2’ interval TBD) PCBs 8 

GZ314 Groundwater Varies PCBs 1 GW001 (EPA) 

Building 227 
 

TF3-ECH-SB101 through 
TF3-ECH-SB108 
 

Soil 
0-1 foot PCBs, GRO, 

ExTPH, Metals 8 
GH-1.3, SA-1.3 

2-10 feet 
(2’ interval TBD) PCBs, TPH, Metals 8 

GZ318 and ECH-MW01 Groundwater Varies PCBs, Metals 2 GH-1.3, GW001 (EPA) 

 
Notes: 
1.   Field duplicates will be selected based on field conditions at the time of the sampling event and are not included on this worksheet, QC samples are listed on WS#20. 
2.   Refer to Worksheet #21 for complete reference. SOPs are included in Appendix B.  Project-specific sampling procedures are provided in Appendix D. 
3.   For groundwater, EDB is listed separately from VOCs because EDB will be analyzed by a different method. (EDB in soil and sediment will be analyzed within the VOC analytical 
group.)   
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SAP Worksheet #19 -- Analytical SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 

Matrix Analytical 
Group 

Analytical and Preparation 
Method / SOP Reference(1) 

Containers(2) 

(number, size, and 
type) 

Sample 
volume(3) 

(units) 

Preservation Requirements 
(chemical, temperature, light 

protected) 

Maximum Holding 
Time(4) 

(preparation / 
analysis) 

Soil and 
Sediment 

VOCs SW-846 5035A, 8260B/CA-
202, CA-214 

Two 40-milliliter 
(mL) VOC vials 

5 grams 
(g) 

1 g sodium bisulfate in 5 ml 
reagent water; cool to ≤ 6 oC  

14 days to analysis One 40-mL VOC 
vial 5 g 5 ml methanol, cool to ≤ 6 oC 

One 2-ounce (oz) 
jar for % moisture 5 g Cool to ≤ 6 oC 

GRO SW-846 5035A, 
8015C/ CA-316 

Two 40-mL VOC 
vials 

5 g 5 ml methanol, cool to ≤ 6 oC 14 days to analysis 

ExTPH 
SW-846 3540C or 3550C, 
8015C/ CA-315, CA-527, CA- 
535 

8-oz wide mouth jar 

30 g Cool to ≤ 6 °C 
14 days to 
extraction; 
40 days to analysis 

PAHs 
SW-846 3540C or 3550C, 
8270D SIM/CA-213, CA-512,  
CA-526 

30 g Cool to ≤ 6 oC 
14 days to 
extraction; 
40 days to analysis 

PCBs (soil 
only) 

SW-846 3540C, 3545A or 
3550C, 8082A/CA-329, CA-
500, CA-524, CA-537 

30 g Cool to ≤ 6 oC 

30 days to 
extraction; 
40 days from 
extraction to 
analysis(5) 

Metals SW-846 3050B, 6020A, 7471B/ 
CA-605, CA-611, CA-627 

4-oz wide mouth jar 2 g Mercury: Cool to ≤ 6 oC 

180 days to analysis 
except for mercury; 
28 days to analysis 
for mercury 

Dioxins SW-846 8290/ WS-IDP-0005, 
WS-ID-0005 

One 8-ounce glass 
jar with Teflon®-
lined lid or stainless 
steel liner  

30 grams Cool to ≤ 6 oC 
30 days to 
extraction;   
45 days to analysis 



Project-Specific Sampling and Analysis Plan                                         Title: Data Gaps Assessment 
Site Name: Tank Farm 3, Category 1 Areas Document No.: W5211738F 
Project Name: NAVSTA Newport Revision Number: 0  
Site Location: Newport, Rhode Island Date: May 2013 
 
 

  
  
  
  
                                                                                                                                                                                              Page 74 of 126 

Matrix Analytical 
Group 

Analytical and Preparation 
Method / SOP Reference(1) 

Containers(2) 

(number, size, and 
type) 

Sample 
volume(3) 

(units) 

Preservation Requirements 
(chemical, temperature, light 

protected) 

Maximum Holding 
Time(4) 

(preparation / 
analysis) 

Aqueous 
(Groundwater 
and Rinsate 
Blanks) 

VOCs  SW-846 5030B, 8260B/ CA-
202 

Two 40- mL VOC 
vials 40 mL Hydrochloric acid (HCl) to pH 

< 2, cool to ≤ 6 oC 14 days to analysis 

EDB(6) SW-846 8011/ CA-391 Two 40-mL VOC vials 40 mL HCl to pH < 2, no headspace, 
cool to ≤ 6 oC 14 days to analysis 

GRO SW-846 5030B, 8015C / CA- 
316 

Two 40-mL VOC 
vials 

40 mL HCl to pH < 2, no headspace 
cool to ≤ 6 oC 14 days to analysis 

PAHs  SW-846 3510C or 3520C, 
8270D SIM/ CA-213, CA-502  

Two 1-liter (L) 
amber glass bottles 1000 mL Cool to ≤ 6 oC 7 days to extraction;         

40 days to analysis 

ExTPH SW-846 3510C or 3520C, 
8015C/ CA-315, CA-520 

Two 1-L amber 
glass bottles 

1000 mL Cool to ≤ 6 oC 7 days to extraction; 
40 days to analysis 

PCBs SW-846 3510C or 3520C,  
8082A/ CA-329, CA-515 

Two 1-L amber 
glass bottles 1000 mL Cool to ≤ 6 °C 

30 days to 
extraction; 
40 days from 
extraction to 
analysis(5) 

Metals 
SW-846  3010A, 6020A, 
7470A/ CA-604, CA-615, CA-
627 

500 mL 
polyethylene bottle 100 mL Nitric acid to pH < 2 

 

180 days to analysis 
except for mercury; 
28 days to analysis 
for mercury 

Dioxins 
(rinsate 
blanks only) 

SW-846 8290/ WS-IDP-0005, 
WS-ID-0005 

Two 1-L Amber 
Glass Bottles 1 L Cool to ≤ 6 oC 

30 days to 
extraction;  
45 days to analysis 

Notes: 
1. Refer to the Analytical SOP References table (Worksheet  #23). 
2. Laboratories may provide specific containers at their discretion. 
3. Minimum sample volume or mass requirement. 
4. Maximum holding time is calculated from the time the sample is collected to the time the sample is extracted, digested, or analyzed. 
5. SW-846 8082A does not specify a holding time to extraction; 30 days is presented here as a conservative limit.  The method recommends a holding time of 40 days from 

extraction to analysis for extracts stored under refrigeration in the dark; but it also refers to SW-846 Chapter 4, which specifies that there is no holding time for PCBs. 
Additionally, SW-846 8082A states that the holding times listed in the method under the conditions listed (apparently referring to storage of extracts) may be as long as a year.  

6. EDB analysis by SW846 8011 is only required for groundwater and associated rinsate blanks.  Rinsate blanks associated with soil and sediment samples will be analyzed for 
VOCs by SW-846 8260B, for the same target VOCs (including EDB) as are required for soil and sediment in Worksheets #15a and #15c. 
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SAP Worksheet #20 -- Field Quality Control Sample Summary Table 
(UFP-QAPP Manual Section 3.1.1) 

 
  

Matrix Analytical 
Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates1 

No. of 
Assigned 

Laboratory 
QC Samples2 

No. of 
Field 

Blanks 

No. of 
Equip. 

Blanks3 

No. of 
VOA 
Trip 

Blanks4 

No. of PT 
Samples 

Total No. 
of 

Samples 
to Lab5 

Soil 

VOCs 16 2 1 0 1 4 0 23 
PAHs 16 2 1 0 1 0 0 19 
PCBs 32 4 2 0 2 0 0 38 
Metals 32 4 2 0 2 0 0 38 
Dioxins 16 2 1 0 1 0 0 19 
ExTPH 32 3 2 0 2 0 0 37 
GRO 32 3 2 0 2 4 0 41 

Groundwater 

VOCs 1 1 1 0 1 1 0 4 
EDB 1 1 1 0 1 1 0 4 
PAHs 1 1 1 0 1 0 0 3 
PCBs 3 1 1 0 1 0 0 5 
Metals 3 1 1 0 1 0 0 5 

Sediment 

VOCs 9 1 1 0 1 1 0 12 
PAHs 9 1 1 0 1 0 0 11 
Metals 9 1 1 0 1 0 0 11 
Dioxins 6 1 1 0 1 0 0 8 
ExTPH 9 1 1 0 1 0 0 11 
GRO 9 1 1 0 1 0 0 11 

Notes: 
1. Collect 1 field duplicate per 10 field samples for each matrix.  
2.  Assign 1 Laboratory QC sample per 20 samples for MS/MSD analysis for organics and MS/laboratory duplicate analysis for metals.  Collect triple volume of groundwater for 

organic analyses and double volume for metals analysis. Triple volume is also required for VOC soil and sediment.  For other soil analytes, no extra volume is required. Extra 
volume of sediment may be needed if samples have high moisture content. 

3.  Collect 1 rinsate blank per 20 field samples.  The rinsate blank is collected by running deionized water through any non-dedicated, non-disposable equipment after 
decontamination and prior to use.   

4. In each cooler containing volatile samples (VOCs and EDB), ship one trip blank for each volatile analytical group.  Trip blanks are pre-preserved VOC and EDB sample 
containers (as described in Worksheet #19) prepared by the laboratory. 

5.  Total number of samples does not include the assigned laboratory QC samples. 
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SAP Worksheet #21 -- Project Sampling SOP References Table 
(UFP-QAPP Manual Section 3.1.2) 
 
 

Reference 
Number 

Title, Revision Date and / or 
Number 

Originating Organization 
of Sampling SOP Equipment Type Modified for 

Project Work? Comments1 

CT-05 
CT-05 - Database 
Records and Quality 
Assurance; Revision 2, 
2001 

Tetra Tech Not applicable No  

GH-1.1 GH-1.1 – Site Recon; 
Revision 1, 1999 Tetra Tech 

Camera, Tape 
Measure, Stakes 
etc. 

No  

GH-1.2 

GH-1.2 - Evaluation of 
Existing Monitoring 
Wells and Water Level 
Measurement; Revision 
2, 2003 

Tetra Tech Electronic water 
level indicator No . 

GH-1.3 
GH-1.3 - Soil and Rock 
Drilling Methods; 
Revision 1, 1999 

Tetra Tech Drilling rig and 
accessories Yes 

Modifications include 
removal of select drilling 
methods 

GH-1.5 
GH-1.5 - Borehole and 
Sample Logging; 
Revision 1, 1999 

Tetra Tech Not applicable No  

GH-3.1 
GH-3.1 – Resistivity and 
Electromagnetic 
Induction 

Tetra Tech 
EM and 
Resistivity 
Equipment 

No  

GH-3.2 GH-3.2 – Magnetic and 
Metal Detection Surveys Tetra Tech Metal Detection 

Equipment No  

GH-3.3 GH-3.3 – Seismic 
Refraction Survey Tetra Tech 

Seismic 
Refraction 
Equipment 

No  

GH-3.4 
GH-3.4 – Ground-
Penetrating Radar 
(GPR) Surveys 

Tetra Tech GPR Equipment No  

HS-1.0 
HS-1.0 - Utility Locating 
and Excavation 
Clearance; Revision 2, 
2003 

Tetra Tech 

Remote 
subsurface 
sensing, 
magnetometer, 
GPR, etc. 

No  

SA-1.2 
SA-1.2 – Surface Water 
and Sediment 
Sampling; Revision 5, 
March 2008 

Tetra Tech Sampling supplies No/Yes 
Modifications include 
removal of surface water 
sampling techniques   
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Reference 
Number 

Title, Revision Date and / or 
Number 

Originating Organization 
of Sampling SOP Equipment Type Modified for 

Project Work? Comments1 

SA-1.3 SA-1.3 - Soil Sampling; 
Revision 9, 2009 Tetra Tech Sampling supplies Yes 

Also see Appendix D for 
project-specific procedures 
to augment SOP. 
Modifications include 
removal of Test Pitting 
Operations 

SA-6.1 
SA-6.1 - Non-
Radiological Sample 
Handling; Revision 3, 
2004 

Tetra Tech Not applicable No  

SA-6.3 
SA-6.3 - Field 
Documentation; 
Revision 3, 2009 

Tetra Tech Not applicable Yes 

Modifications include 
removal of documentation 
processes not being 
utilized for TF3 
investigation 

SA-7.1 
SA-7.1 - 
Decontamination of 
Field Equipment; 
Revision 6, 2009 

Tetra Tech Not applicable No  

GW 001 

Low Stress (Low Flow) 
Purging and Sampling 
Procedure for the 
Collection of 
Groundwater Samples 
from Monitoring Wells; 
Revision 3, 2010 / GW 
001 

EPA Region 1 Submersible 
pump Yes (2) 

Also see Appendix D for 
project-specific procedures 
to augment SOP. 

 
Calibration of Field 
Instruments; Revision 2, 
2010 

EPA Region 1 Multi-probe Water 
Quality Instrument No No Reference number 

provided 
 

Notes: 
1. SOPs are included as Appendix B.  Appendix D contains project specific sampling procedures. 
2.   If saturated screen length is greater than 10 feet, the sampling procedures will be modified as described in Appendix D. 
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SAP Worksheet #22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
(UFP-QAPP Manual Section 3.1.2.4) 
 

Field Equipment Activity1 Frequency Acceptance 
Criteria Corrective Action Resp. Person SOP Reference Comments 

YSI 600 Series 
Water Quality 
Meter  

Visual Inspection 
 
Calibration/ 
Verification  

Daily 
 
Beginning and end 
of day 

Manufacturer’s 
guidance  

Operator correction 
or Replacement  

Field Operations 
Leader 

Manufacturer’s 
instruction manual 
and EPA Region 1-
Calibration of Field 
Instruments 

 
 
 
 
Rental field equipment 
will be used Turbidity Meter  Visual Inspection 

 
Calibration/ 
Verification  

Daily 
 
Beginning and end 
of day 

Manufacturer’s 
guidance  

Operator correction 
or Replacement  

Field Operations 
Leader 

Manufacturer’s 
instruction manual 
and EPA Region 1-
Calibration of Field 
Instruments 

Water Level 
Indicator  

Visual Inspection 
 
Field checks as per 
manufacturer  

Daily 
 
Once on receiving 
from vendor 

0.01 foot accuracy  Operator correction 
or Replacement  

Field Operations 
Leader 

Manufacturer’s 
instruction manual 

Photo-Ionization 
Detector (PID)/ 
Flame Ionization 
Detector (FID) 

Visual Inspection 
 
Calibration/ 
Verification  

Daily 
 
Beginning and end 
of day 

Manufacturer’s 
guidance  

Operator correction 
or Replacement  

Field Operations 
Leader 

Manufacturer’s 
instruction manual 

1Rental equipment and instruments will be used in the field.  The rental firms will be responsible for the proper care, maintenance, and repair of these items, and for tracking 
and documenting equipment and instrument maintenance and repairs.    
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SAP Worksheet #23 -- Analytical SOP References Table 
(UFP-QAPP Manual Section 3.2.1) 

 
 

Lab SOP 
Number Title, Revision Date, and / or Number 

Definitive or 
Screening 

Data 
Matrix and Analytical Group Instrument Organization 

Performing Analysis 

Modified for 
Project Work? 

(Y/N) 

CA-202 
Analysis of VOAs by Purge and Trap 
GC/MS:  SW-846 Method 8260, 04/10, 
Revision 11. 

Definitive Soil, Sediment, and Water/VOCs 
Gas 

Chromatography 
(GC)/Mass 

Spectroscopy (MS) 
Katahdin N 

CA-213 
Analysis of Semivolatile Organic 
Compounds By: SW 846 Method 8270 
– Modified For SIM, 04/10, Revision 8. 

Definitive Soil, Sediment, and Water/PAHs GC/MS Katahdin N 

CA-214 

Closed-System Purge-And-Trap And 
Extraction For Volatile Organics In Soil 
And Waste Samples Using SW846 
Method 5035, 09/08, Revision 5. 

Definitive Soil and Sediment/VOCs Not applicable 
(extraction) Katahdin N 

CA-315 

Determination of Extractable Petroleum 
Hydrocarbons or  
DRO by Modified Methods 
8015 and 8100, 04/10, Revision 10. 

Definitive Water and Soil/ ExTPH GC/FID Katahdin N 

CA-316 

Method for Determining Volatile 
Petroleum Hydrocarbons or  
GRO by Modified 
Method 8015, 08/09, Revision 9. 

Definitive Water and Soil/ GRO GC/FID Katahdin N 

CA-319 

Extraction and Analysis of EDB (1,2-
Dibromoethane) and DBCP (1,2-
Dibromo-3-chloropropane) in Water by 
SW846 Method 8011, 12/10, Revision 
7. 

Definitive Water/EDB 
GC/Electron 

Capture Detector 
(ECD) 

Katahdin N 

CA-329 
Analysis Of PCBs As Total Aroclors By 
GC/ECD: SW-846 Method 8082, 04/10, 
Revision 11. 

Definitive Soil and Water/PCBs GC/ECD Katahdin N 
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Lab SOP 
Number Title, Revision Date, and / or Number 

Definitive or 
Screening 

Data 
Matrix and Analytical Group Instrument Organization 

Performing Analysis 

Modified for 
Project Work? 

(Y/N) 

CA-500 

Preparation Of Sediment/Soil Samples 
By Sonication Using Method 3550 For 
Subsequent Pesticides/PCBs Analysis, 
08/10, Revision 7. 

Definitive Soil/PCBs Not applicable 
(extraction) Katahdin N 

CA-502 
Preparation Of Aqueous Samples For 
Extractable Semivolatile Analysis, 
10/09, Revision 6. 

Definitive Water/PAHs Not applicable 
(extraction) Katahdin N 

CA-512 

Preparation Of Sediment/Soil Samples 
By Sonication Using Method 3550 For 
Subsequent Extractable Semi-Volatiles 
Analysis, 08/10, Revision 8. 

Definitive Soil and Sediment/ PAHs Not applicable 
(extraction) Katahdin N 

CA-515 
Preparation of Aqueous Samples for 
Pesticides/PCBs Analysis, 08/10, 
Revision 7. 

Definitive Water/PCBs Not applicable 
(extraction) Katahdin N 

CA-524 

Preparation Of Sediment/Soil Samples 
By Soxhlet Extraction Using Method 
3540 For Pesticide/PCB Analysis, 
08/10, Revision 7. 

Definitive Soil/PCBs Not applicable 
(extraction) Katahdin N 

CA-526 

Preparation Of Sediment/Soil Samples 
By Soxhlet Extraction Using Method 
3540 For Subsequent Extractable 
Semivolatile Analysis, 08/10, Revision 
7. 

Definitive Soil and Sediment/ PAHs Not applicable 
(extraction) Katahdin N 

CA-527 

Preparation Of Sediment/Soil Samples 
By Soxhlet Extraction Using Method 
3540 For Subsequent ExTPH or DRO 
Analysis, 09/10, Revision 6. 

Definitive Soil/ExTPH Extraction Not applicable 
(extraction) Katahdin N 

CA-535 

Preparation of Sediment/Soil Samples 
By Sonication Using Method 3550 For 
Subsequent DRO or TPH Analysis, 
08/10, Revision 7. 

Definitive Soil/ExTPH Extraction Not applicable 
(extraction) Katahdin N 
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Lab SOP 
Number Title, Revision Date, and / or Number 

Definitive or 
Screening 

Data 
Matrix and Analytical Group Instrument Organization 

Performing Analysis 

Modified for 
Project Work? 

(Y/N) 

CA-537 

Preparation of Sediment/Soil and 
Tissue Samples by Accelerated Solvent 
Extraction Using Method 3545 for 
Subsequent Extractable Pesticide and 
PCB Analysis, 12/10, Revision 3. 

Definitive Soil/PCBs Not applicable 
(extraction) Katahdin N 

CA-604 

Acid Digestion of Aqueous Samples by 
EPA Method 3010 for ICP and ICP-MS 
Analysis of Total or Dissolved Metals, 
04/10, Revision 5. 

Definitive Water/Metals Not applicable 
(digestion) Katahdin N 

CA-605 
Acid Digestion of Solid Samples by 
USEPA Method 3050 for Metals by ICP-
AES and GFAA, 09/10, Revision 5. 

Definitive Soil and Sediment/Metals Not applicable 
(digestion) Katahdin N 

CA-611 
Digestion and Analysis of Solid 
Samples for Mercury by USEPA 
Method 7471, 12/10, Revision 8. 

Definitive Soil and Sediment/Mercury Mercury Analyzer Katahdin N 

CA-615 
Digestion and Analysis of Aqueous 
Samples for Mercury by USEPA 
Method 7470, 04/10, Revision 5. 

Definitive Water/Mercury Mercury Analyzer Katahdin N 

CA-627 
Trace Metals Analysis By ICP-MS 
Using USEPA Method 6020, 04/10, 
Revision 7. 

Definitive Soil, Sediment, and Water/Metals ICP-MS Katahdin N 

WS-ID-0005 
Analysis of Samples for Polychlorinated 
Dioxins and Furans by HRGC/HRMS 
12/09, Revision 7.3. 

Definitive Soil, Sediment, and Water/ 
Dioxins GC/HRMS TestAmerica West 

Sacramento N 

WS-IDP-0005 

Preparation of Samples for Analysis of 
Polychlorinated Dioxins and Furans for 
Analysis HRGC/HRMS, 02/10, Revision 
1.1. 

Definitive Soil, Sediment, and Water/ 
Dioxins Extraction 

Not applicable 
(extraction) 

TestAmerica West 
Sacramento N 
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SAP Worksheet #24 -- Analytical Instrument Calibration Table  
(UFP-QAPP Manual Section 3.2.2) 
 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

GC/MS 
VOCs 
 
 

Initial Calibration 
(ICAL) - A 
minimum 5-point 
calibration is 
required. 

Calibrate the 
instrument when it is 
received and after a 
major change or if 
the daily calibration 
fails.  

The average Response Factors (RFs) for System 
Performance Check Compound (SPCCs) must be 
≥ 0.30 for chlorobenzene and 1,1,2,2-
tetrachlorobenzene and  ≥ 0.10 for chloromethane, 
1,1-dichloroethane and bromoform. 
 
The Percent Relative Standard Deviation (%RSD) 
for RFs for Calibration Check Compounds (CCCs) 
must be ≤ 30%, and one option below must be met:   
 
Option 1) %RSD < 15% for all other compounds. If 
not met:  
Option 2) Linear least squares regression: 
correlation coefficient (r) ≥ 0.995. 
Option 3) Non-linear regression: coefficient of 
determination (r2)  ≥ 0.99 (6 points for second 
order). 
 

Repeat calibration if criterion 
is not met   

Analyst, 
Department 
Manager 

CA-202 

 Initial Calibration 
Verification (ICV) 
(Second Source) 

Once after each 
ICAL. 

The Percent Recovery (%R) must be within 80-
120% for all target compounds. 

Correct problem and verify 
second source standard. 
Rerun second source 
verification. If that fails, 
correct problem and repeat 
ICAL. 

Analyst, 
Department 
Manager 

 

 Establish 
Retention Time 
(RT) Window 
Position 

Once per ICAL for 
each analyte and 
surrogate. 

Position shall be set using the midpoint standard of 
the ICAL curve when ICAL is performed.  On days 
when ICAL is not performed, the initial CCV is 
used. 

NA.   

 Evaluation of 
Relative 
Retention Times 
(RRTs) 

With each sample. RRT of each target compound must be within ±0.06 
RPT units. 

Correct problem, then rerun 
ICAL. 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

 Continuing 
Calibration 
Verification 
(CCV) 

Analyze a standard 
at the beginning of 
each 12-hour shift 
after a 
bromofluorobenzene 
(BFB) tune. 

The RFs for SPCCs must be  ≥ 0.30 for 
chlorobenzene and 1,1,2,2-tetrachlorobenzene and  
≥ 0.10 for chloromethane, 1,1-dichloroethane and 
bromoform. 
 
The %D for all target compounds and surrogates 
must be ≤ 20% (D = Difference or Drift). 

Department of Defense (DoD) 
project level approval must be 
obtained for each of the failed 
analytes or corrective action 
must be taken.  
Correct problem, then rerun 
calibration verification. If that 
fails, then repeat ICAL. 
Reanalyze all samples since 
last acceptable CCV. 

Analyst, 
Department 
Manager 

 

 BFB Tune Every 12 hours. Criteria listed in Section 7.3, current revision of 
SOPs CA-202. 

Retune and/or clean source. Analyst, 
Department 
Manager 

 

GC/ECD  
EDB(2) 

ICAL Instrument receipt, 
major instrument 
change, when CV 
does not meet 
criteria 

One of the options below must be met: 
 Option 1: RSD for each analyte ≤ 20%;  
Option 2: linear least squares regression: r ≥ 0.995;  
Option 3: non-linear regression: coefficient of 
determination (COD) r2 ≥ 0.99 (6 points shall be 
used for second order). 

(1) Perform instrument 
maintenance as needed. 
(2) Reanalyze and or reprep 
calibration standards. 

Analyst, 
Department 
Manager 

CA-319 

 ICV Immediately 
following ICAL. 

All project analytes must be within established 
retention time windows.  
All project analytes must be within ± 20% of 
expected value from the ICAL. 

Correct problem, rerun ICV. If 
that fails, repeat ICAL. 

Analyst, 
Department 
Manager 

 

 Establish RT 
Window Position 

Once per ICAL for 
each analyte and 
surrogate. 

Position shall be set using the midpoint standard of 
the ICAL curve when ICAL is performed.  On days 
when ICAL is not performed, the initial CCV is 
used. 

Not applicable. Analyst, 
Department 
Manager 

 

 CCV Daily prior to sample 
analysis and at 
intervals of not less 
than once every 20 
samples.  Also, at 
the end of the 
analysis sequence. 

%D must be ≤ +/- 20%. (1) Evaluate the samples: If 
the %D>±20% and sample 
results are <PQL, narrate. If 
%D>±20% and is likely a 
result of matrix interference, 
narrate. All samples must be 
reanalyzed that fall within the 
standard that exceeded 
criteria and the last standard 
that was acceptable. 

Analyst, 
Department 
Manager 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

GC/MS (SIM) 
PAHs  

Decafluorotriphe
nyl-phosphine 
(DFTPP) Tune.   
 

Beginning of each 
analytical run or 
every 12 hours 

DFTPP within method specifications for tuning 
criteria. 
 

Re-tune instrument, clean MS 
source as needed. 
 

Analyst, 
Department 
Manager 

 
CA-213 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

ICAL - 5-7 
(minimum 5 
points required) 
calibration 
standards, initial 
calibration for all 
analytes. 

Instrument receipt, 
major instrument 
change, when 
continuing 
calibration 
verification (CCV) 
does not meet 
criteria.   

Project specific criteria: 
Average Response Factor (RF) for all PAHs must 
be ≥ 0.05. 
 
Percent Relative Standard Deviation (%RSD)  for 
RFs for all PAHs must be ≤ 30% 
or one option below: 
Option 1) Linear least squares regression: 
correlation coefficient (r) must be ≥ 0.995 
Option 2) Non-linear regression: coefficient of 
determination (r2) must be ≥ 0.99 (6 points for 
second order). 

Recalibrate and/or perform 
the necessary equipment 
maintenance.  Check the 
calibration standards.  
Reanalyze the affected data. 

Analyst, 
Department 
Manager 

 ICV (Second 
Source) 

Once after each 
ICAL. 

Percent recovery (%R) must be within 80-120% for 
all target compounds. 

Correct problem and verify 
second source standard. 
Rerun second source 
verification. If that fails, 
correct problem and repeat 
ICAL. 

Analyst, 
Department 
Manager 

Establish 
Retention Time 
(RT) Window 
Position 

Once per ICAL for 
each analyte and 
surrogate. 

Position shall be set using the midpoint standard of 
the ICAL curve when ICAL is performed.  On days 
when ICAL is not performed, the initial CCV is 
used. 

Not applicable. Analyst, 
Department 
Manager 

GCMS – PAHs 
(cont.) 

Evaluation of 
Relative 
Retention Times 
(RRTs) 

With each sample. RRT of each target compound must be within ±0.06 
RRT units. 

Correct problem, then rerun 
ICAL. 

Analyst, 
Department 
Manager 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

CCV Daily before sample 
analysis and every 
12 hours 

Project specific criteria: 
For all PAHs RF must be ≥ 0.05 
 
All PAHs and surrogates must be ≤ 25%D 
 (D = Difference or Drift); 

DoD project level approval 
must be obtained for each of 
the failed analytes or 
corrective action must be 
taken.  
Correct problem, then rerun 
calibration verification. If that 
fails, then repeat ICAL. 
Reanalyze all samples since 
last acceptable CCV. 

Analyst, 
Department 
Manager 

GC/ECD 
PCBs 

ICAL - A 
minimum 5-point 
calibration is 
required. 

Instrument receipt, 
major instrument 
change, when CCV 
does not meet 
criteria. 

6 point calibration of Aroclors 1016/1260, 1242, 
1248, and 1254  – One of the options below must 
be met: Option 1: RSD for each analyte ≤ 20%; 
Option 2: linear least squares regression: r ≥ 0.995; 
Option 3: non-linear regression: r2 ≥ 0.99 (6 points 
shall be used for second order) 
Mid-point calibration of Aroclors 1221 and 1232; if 
targets are detected, 6-point calibration is 
performed. 

Repeat ICAL and/or perform 
necessary equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected data.  

Analyst, 
Department 
Manager 

CA-329 

 ICV Aroclors 1016 and 
1260: Once after 
each ICAL. 

The %D must be ≤ 20%D for Aroclors 1016 and 
1260. (D = Difference or Drift) 

Correct problem, rerun ICV. If 
that fails, repeat ICAL. 

Analyst, 
Department 
Manager 

 

 CCV Prior to sample 
analysis, after every 
10 field samples, 
and at the end of the 
analysis sequence. 

The %D must be ≤ 20%D for all project analytes.  Correct problem, then rerun 
calibration verification. If that 
fails, then repeat ICAL. 
Reanalyze all samples since 
the last successful calibration 
verification. 

Analyst, 
Department 
Manager 

 

ICP-MS  Tune Daily prior to 
calibration 

Mass calibration must be within 0.1 amu of true 
value, Resolution must be < 0.9 amu at 10% peak 
height. 
 
RSD must be ≤ 5% for at least four replicate 
analyses. 

Perform necessary equipment 
maintenance. 

Analyst, 
Department 
Manager 

CA-627 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

ICAL Daily prior to sample 
analysis. 

4 point calibration plus blank – The r must be ≥ 
0.995. 

Recalibrate and/or perform 
necessary equipment 
maintenance.  Check 
calibration standards. 

Analyst, 
Department 
Manager 

ICV (Second 
Source) 

Once after each 
ICAL, and before 
beginning a sample 
run. 

The %R must be within 90-110% for all analytes. Do not use results for failing 
elements unless the ICV > 
110% and the sample results 
are non-detect. 
Investigate and correct 
problem. 

Analyst, 
Department 
Manager 

Calibration Blank Before beginning a 
sample sequence, 
after every 10 
samples and at end 
of the analysis 
sequence. 

No analytes detected > LOD. For negative blanks, 
absolute value < LOD. 

Correct the problem, then re-
prepare and reanalyze. 

Analyst, 
Department 
Manager 

ICP-MS (cont.) 
 

CCV After every 10 
samples and at the 
end of each run 
sequence. 

The %R must be within 90-110% for all analytes. Correct problem, rerun 
calibration verification. If that 
fails, then repeat ICAL. 
Reanalyze all samples since 
the last successful calibration 
verification. 

Analyst, 
Department 
Manager 

 

Low-level 
Calibration 
Check Standard 

Daily, after one-point 
ICAL. 

The %R must be within 80-120% for all analytes. Do not use results for failing 
elements, unless low-level 
standard recovery > upper 
limit and sample results are 
non-detect. Investigate and 
correct the problem. 

Analyst, 
Department 
Manager 

 Interference 
Check Sample 
(ICS) - ICSA & 
ICSB 

Daily, before sample 
injections 

The absolute value of the ICSA concentration for all 
non-spiked analytes (except verified trace 
impurities) must be less than the LOD (3), and ICSB 
%Rs must be within 80-120%. 

Correct the problem, then re-
prepare checks and 
reanalyze all affected 
samples. 

Analyst / 
Supervisor  
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

Mercury 
analyzer 

ICAL On instrument 
receipt, major 
instrument change, 
at the start of each 
day. 

Initial Calibration, 5 points plus a calibration blank - 
r ≥ 0.995. 

Recalibrate and/or perform 
necessary equipment 
maintenance.  Check 
calibration standards. 

Analyst, 
Department 
Manager 

CA-611, 
CA-615 

 ICV (Second 
Source) 

Once after each 
ICAL, prior to 
beginning a sample 
run. 

The %R must be within 90-110% for mercury. Correct problem and verify 
second source standard. 
Rerun ICV. If that fails, 
correct problem and repeat 
ICAL. 

Analyst, 
Department 
Manager 

Calibration Blank Before beginning a 
sample sequence, 
after every 10 
samples and at end 
of the analysis 
sequence. 

No analytes detected > LOD. For negative blanks, 
absolute value must be < LOD. 

Correct problem. Re-prep and 
reanalyze calibration blank. 
All samples following the last 
acceptable calibration blank 
must be reanalyzed. 

Analyst, 
Department 
Manager 

CCV Beginning and end 
of each run 
sequence and every 
10 samples. 

The %R must be within 80-120% for mercury. Correct problem, rerun 
calibration verification. If that 
fails, then repeat ICAL. 
Reanalyze all samples since 
the last successful calibration 
verification. 

Analyst, 
Department 
Manager 

GC/HRMS 
 

Tune / Mass 
Resolution Check 
(PFK) 

At the beginning and 
the end of each 12-
hour period of 
analysis. 

Resolving power ≥ 10,000 at m/z=304.9842 & 
m/z=380.9760 + 5ppm of expected mass.  Lock-
mass ion between lowest and highest masses for 
each descriptor and level of reference ≤ 10% full-
scale deflection. 

Retune instrument & verify.   
Assess data for impact if end 
resolution is less than 10,000 
narrate or reinject as 
necessary. 

Analyst /Lab 
Manager 
 

WS-ID-
0005 
 

HRGC/HRMS GC Column 
Performance 
Check 
(CPSM/WDM per 
method) 

Prior to ICAL or 
calibration 
verification.   

Peak separation between 2,3,7,8-TCDD and other 
TCDD isomers result in a valley of ≤ 25%; and 
identification of all first and last eluters of the eight 
homologue retention time windows and 
documentation by labeling (F/L) on the 
chromatogram; and absolute retention times for 
switching from one homologous series to the next ≥ 
10 seconds for all components of the mixture. 

1) Readjust windows. 
2) Evaluate system. 
3) Perform maintenance. 
4) Reanalyze CPSM. 
5) No corrective action is 
necessary if 2,3,7,8-TCDD is 
not detected and the % valley 
is greater than 25%. 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

GC/HRMS ICAL = Minimum 
five-point initial 
calibration for 
target analytes, 
lowest 
concentration 
standard at or 
near the 
reporting limit.  

ICAL prior to sample 
analysis, as needed 
by the failure of 
calibration 
verification, and 
when a new lot is 
used as a standard 
source for calibration 
verification, internal 
standard or recovery 
standard solutions.  

RSD ≤ 20% for response factors for 17 unlabeled 
isomers & 9 labeled IS, and ion abundance ratios 
within limits specified in SOP; and S/N ≥ 10:1for 
target analytes. 

Evaluate standard and 
instrument response.  If 
problem with instrument 
(autosampler failure, 
response poor, etc.) or 
standards, correct as 
appropriate, then repeat initial 
calibration. 

GC/HRMS ICV  Immediately 
following ICAL. 

All project analytes must be within ± 30% of the 
expected value from the ICAL. 

Evaluate standards and 
instrument response.  If 
standard issue, repeat or 
remake then repeat standard 
as appropriate.  If still fails, 
repeat  initial calibration  

Lab Manager / 
Analyst  

WS-ID-
0005 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

GC/HRMS CCV At the beginning of 
each 12-hour period, 
and at the end of 
each analytical 
sequence. 

Ion abundance ratios must be in accordance with 
SOP; and RF (unlabeled standards) within ± 20%D 
of average RF from ICAL; and RF (labeled 
standards) within ± 30%D of average RF from 
ICAL. 

Correct problem, repeat 
calibration verification.  If fails, 
repeat ICAL and reanalyze all 
samples analyzed since last 
successful CCV End of Run 
CCV:  If RF (unlabeled 
standards) > ± 20%D and  ≤ ± 
25%D and/or  RF (labeled 
standards) > ± 30%D and  ≤ ± 
35%D of the average RF from 
ICAL use mean RF from 
bracketing CCVs to quantitate 
impacted samples.  If 
bracketing CCVs differ by 
more than 25% RPD 
(unlabeled) or 35% RPD 
(labeled), run a new ICAL 
within 2 hours, and 
requantitate samples.  
Otherwise, reanalyze 
samples with positive 
detections. 

Lab Manager / 
Analyst  

WS-ID-
0005 

GC/FID 
ExTPH 

ICAL Instrument receipt, 
major instrument 
change, when CV 
does not meet 
criteria 

One of the options below must be met: 
Option 1: RSD for each analyte ≤ 20%;  
Option 2: linear least squares regression: r ≥ 
0.995;  
Option 3: non-linear regression: COD r2 ≥ 0.99 (6 
points shall be used for second order). 

(1) Perform instrument 
maintenance as needed. 
(2) Reanalyze and or reprep 
calibration standards. 

Analyst, 
Department 
Manager 

CA-315 

ICV Immediately 
following ICAL. 

All project analytes must be within established 
retention time windows.  
All project analytes must be within ± 20% of 
expected value from the ICAL. 

Correct problem, rerun ICV. 
If that fails, repeat ICAL. 

Analyst, 
Department 
Manager 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible for 
Corrective 
Action  

SOP 
Reference 

CCV Daily prior to 
sample analysis 
and at intervals of 
not less than once 
every 20 samples.  
Also, at the end of 
the analysis 
sequence. 

%D must be ≤ +/- 20% (1) Evaluate the samples: If 
the %D>+20% and sample 
results are <PQL, narrate. If 
%D>±20% and is likely a 
result of matrix interference, 
narrate. All samples must be 
reanalyzed that fall within 
the standard that exceeded 
criteria and the last standard 
that was acceptable. 

Analyst, 
Department 
Manager 

GC/FID 
GRO 

ICAL Minimum 5 point 
calibration using a 
gasoline 
component 
mixture. 
 

One of the options below must be met:  
Option 1: RSD for each analyte ≤ 20%;  
Option 2: linear least squares regression: r ≥ 
0.995;  
Option 3: non-linear regression: COD r2 ≥ 0.99 (6 
points shall be used for second order). 

Repeat initial calibration. Analyst, 
Department 
Manager 

CA-316 

ICV Immediately 
following ICAL. 

All project analytes within established retention 
time windows.  
All project analytes within ± 20% of expected 
value from the ICAL. 

Correct problem, rerun ICV. 
If that fails, repeat ICAL. 

Analyst, 
Department 
Manager 

CCV Daily prior to 
sample analysis 
and at intervals of 
not less than once 
every 20 samples.  
Also, at the end of 
the analysis 
sequence. 

%D must be ≤ +/- 20%. Evaluate the samples – if 
the %D>+20% and sample 
results are <PQL, narrate.  If 
%D> 2      
result of matrix interference, 
narrate.  All samples must 
be reanalyzed that fall within 
the standard that exceeded 
criteria and the last standard 
that was acceptable 

Analyst, 
Department 
Manager 

Notes: 
1. Refer to the Analytical SOP References table (Worksheet #23). 
2. EDB analysis by GC/ECD is only applicable for analysis of groundwater and associated rinsate blank samples.  EDB analysis in soil and sediment will be by 

GC/MS, as part of the VOC analytical group. 
3. For data validation, the criterion for ICSA will be < LOQ. 
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SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table  
(UFP-QAPP Manual Section 3.2.3) 

 
Instrument /  
Equipment Maintenance Activity Testing 

Activity 
Inspection 

Activity Frequency Acceptance 
Criteria CA Responsibl

e Person2 
SOP 

Reference 

GC/MS Check pressure and gas supply 
daily.  Bake out trap and column, 
manual tune if BFB not in criteria, 
change septa as needed, cut 
column as needed, change trap as 
needed.  Other maintenance 
specified in lab Equipment 
Maintenance SOP. 

VOCs Ion source, injector 
liner, column, 
column flow, purge 
lines, purge flow, 
trap. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-202  
 

GC/MS Check pressure and gas supply 
daily. Manual tune if DFTPP not in 
criteria, change septa as needed, 
change liner as needed, cut column 
as needed. Other maintenance 
specified in lab Equipment 
Maintenance SOP 

PAHs Ion source, injector 
liner, column, 
column flow  

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-213 
 

GC/ECD 
 

Check pressure and gas supply 
daily.  Change septa and/or liner as 
needed, replace or cut column as 
needed.  Other maintenance 
specified in lab Equipment 
Maintenance SOP. 

PCBs and EDB Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-329, CA-
319 

ICP-MS 
 

Clean torch assembly and spray 
chamber when discolored or when 
degradation in data quality is 
observed.  Clean nebulizer, check 
argon, replace peristaltic pump 
tubing as needed.   Other 
maintenance specified in lab 
Equipment Maintenance SOP. 

Metals Torch, nebulizer, 
spray chamber, 
pump tubing 

Prior to ICAL and 
as necessary 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-627 
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Instrument /  
Equipment Maintenance Activity Testing 

Activity 
Inspection 

Activity Frequency Acceptance 
Criteria CA Responsibl

e Person2 
SOP 

Reference 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace 
drying tube, clean optical cell and/or 
clean liquid/gas separator as 
needed.  Other maintenance 
specified in lab Equipment 
Maintenance SOP. 

Mercury Tubing, sample 
probe, optical cell 

Prior to ICAL and 
as necessary 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-611,  
CA-615 

GC/HRMS Parameter Setup Dioxins/ 
Physical check Physical check Initially; prior to 

DCC 
Correct 
Parameters Reset if incorrect TestAmerica 

Chemist WS-ID-0005 

GC/HRMS Tune Check 
Dioxins/ 
Instrument 
Performance 

Conformance to 
instrument tuning. 

Initially; prior to 
DCC 

Compliance 
to ion 
abundance 
criteria 

Correct the 
problem and 
repeat tune check 

TestAmerica 
Chemist WS-ID-0005 

GC/FID Check pressure and gas supply 
daily.  Change septa and/or GC 
injector glass liner as needed.  
Replace or cut GC column as 
needed. Other maintenance 
specified in lab Equipment 
Maintenance SOP. 

ExTPH Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-315 

GC/FID Change septa, and/or GC injector 
glass liner as needed.  Replace or 
cut GC column as needed.  Bake 
out trap and column, change trap as 
needed. 

GRO Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL or CCV 

Correct the 
problem and 
repeat ICAL or 
CCV. 

Analyst, 
Department 
Manager 

CA-316 
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SAP Worksheet #26a – Sample Handling System  
(UFP-QAPP Manual Appendix A)    
 

Sample Handling System - Katahdin 
SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  FOL, Tetra Tech  

Sample Packaging (Personnel/Organization):  FOL, Tetra Tech  

Coordination of Shipment (Personnel/Organization):  FOL, Tetra Tech. 

Type of Shipment/Carrier:  Hand carrier or overnight courier service (Federal Express)  

SAMPLE RECEIPT AND ANALYSIS  

Sample Receipt: Sample Custodians / Katahdin  

Sample Custody and Storage :  Sample Custodians / Katahdin  

Sample Preparation :  Extraction Lab, Metals Preparation Lab / Katahdin  

Sample Determinative Analysis :  Gas Chromatography Lab, Gas Chromatography/Mass Spectrometry Lab, Metals Lab / Katahdin  

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (No. of days from sample collection):   N/A 

SAMPLE DISPOSAL 

Personnel/Organization: Sample Custodians/ Katahdin  
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SAP Worksheet #26b – Sample Handling System 
(UFP-QAPP Manual Appendix A) 
 
 

Sample Handling System – Test America 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  Field Operation Leader, Tetra Tech  

Sample Packaging (Personnel/Organization):  Field Operation Leader, Tetra Tech  

Coordination of Shipment (Personnel/Organization):  Field Operation Leader, Tetra Tech  

Type of Shipment/Carrier: Overnight courier service (FedEx) 

SAMPLE RECEIPT AND ANALYSIS  

Sample Receipt (Personnel/Organization): Sample Custodians, TestAmerica 

Sample Custody and Storage (Personnel/Organization): Sample Custodians, TestAmerica 

Sample Preparation (Personnel/Organization): Sample Preparation Technicians, TestAmerica  

Sample Determinative Analysis (Personnel/Organization): Sample Analysis Technicians, TestAmerica   
SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection): 60 days   

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 60 days  

Biological Sample Storage (No. of days from sample collection):   Not applicable 

SAMPLE DISPOSAL (Intact leftover samples) 
Personnel/Organization:  Sample Custodians, TestAmerica 
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SAP Worksheet #27 – Sample Custody Requirements Table  
(UFP-QAPP Manual Section 3.3.3) 
 

Sample Designation and Tracking System 

 
Each sample collected will be assigned a unique sample tracking number used to catalog the results. The 

sample location IDs are listed in Worksheet #18.  The sample tracking number for monitoring well and soil 

samples will consist of alpha-numeric characters identifying the site, area, sample medium, location, and 

depth or date.  Any other pertinent information regarding sample identification will be recorded on the 

sample log sheets, chain-of-custody forms, or in the field logbooks.  
 
The alpha-numeric (A-N) coding to be used in the sample system is detailed below and in the subsequent 

definitions.  

  AAA  - NNN  - AA-NNNN  - NNNN 
 
(Site ID) -      (AOC ID)    -  (Medium & Location) - (Depth or Date) 

 

Site identifier: “TF3” for Tank Farm 3 

 
AOC identifier: AOCs investigated by TtEC during the SIRAR that are already designated with an AOC 

ID will utilize the same ID (AOC-001 or AOC-020).  Building 227 was never designated as a separate 

AOC during the SI, so for this field effort samples that are collected from this area will be designated with 

the letters ECH. 

 
Medium identifier: 

  
 “SB” used to designate samples collected from soil borings 

 “SD” used to designate samples collected from sediment sample locations 

 “GW” used to designate groundwater samples collected from monitoring wells 

 
Location identifier:  Each sample station is assigned a unique location identifier composed of sequential 

numeric characters as shown on Worksheet #18.  Groundwater monitoring wells will be designated as 

they were during the SIRAR. 
 
Depth/Date:  

 
For soil sample locations, this portion of the sample tracking number will represent the depth in feet bgs 

from which the sample was collected; e.g., for soil samples collected from 2 to 4 feet bgs, this portion of 

the sample tracking number will be “0204”.   
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For sediment sample locations, this portion of the sample tracking number will represent the depth in 

inches bgs; e.g., a sediment sample collected from the 0-6 inch interval would be “0006”. 

 
For groundwater sample locations, this portion of the sample tracking number will represent the date the 

sample was collected (MMYY); e.g., a ground water sample collected in December of 2012 would be 

represented with “1212”. 

 
For Example: A soil sample collected from SB101 at AOC-001 from the 2-4 foot interval would be “TF3-

001-SB-101-0204”; a groundwater sample collected from GZ302 on December 18, 2012 would be “TF3-

001-GW-GZ302-1212”. 

 
Quality Control Samples (QC) samples collected during the investigation will use the same coding system 

as for the environmental samples.  Field QC sample types are presented in Worksheet #20.  Field QC 

designations will conform to the following formats: 

 
 Field Duplicates:  Blind field duplicate samples will be designated such that the location designation 

will be replaced with “DUP” followed by a sequential value (the nth duplicate sample collected during 

that sampling event) and a chronological value (MMDDYY). The sample log sheet will note from 

which sample location the duplicate was collected.  For example, the first soil field duplicate sample 

collected December 1, 2012, at the Site, will be labeled TF3-SB-DUP01-120112.   

 Rinsate Blanks: Rinsate blank sample identifiers will consist of the site, the medium (with “W” instead 

of “MW”, the “RB” label, and the date (MMYY).  Example:  TF3-W-RB01-0811. 

 Trip Blanks: will consist of the site, the medium (with “W” instead of “MW”), the ”TB” label, and the 

date (MMYY). 

 
Laboratory QC samples (matrix spike and laboratory duplicate samples) have no separate sample 

identifier codes, but are noted on the chain-of-custody record and sample log sheet.   

Sample Handling and Chain-of Custody Procedures 

 
Following collection, samples will be placed on ice in a secure cooler and attended by Tetra Tech 

personnel or placed in locked vehicles or designated storage areas until analysis or shipment to an off-

site laboratory.  Chain of custody procedures are described in further detail in the following Tetra Tech 

SOPs, which are provided in Appendix B:     

 
 SA-6.3 Field Documentation.  

 SA-6.1 Non-Radiological Sample Handling. 

 
The samples will be shipped to the laboratories in coolers packed with ice and bubble wrap, or equivalent 

packing material, to cushion the samples to prevent breakage and to maintain the required temperature 
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for the samples.  A container filled with water and labeled “temperature blank” will be included in each 

cooler.  The temperature of this blank will be measured by the laboratory on sample receipt to verify 

acceptable sample preservation temperature.  The coolers will be taped and sealed with a signed custody 

seal to ensure the chain of custody is maintained.  The chain-of-custody forms are shipped to the 

laboratory with the samples.   

 
Samples will be shipped to the laboratories by an overnight courier to ensure that maximum sample 

holding times are not exceeded.  The maximum allowable sample holding times before sample extraction, 

digestion, or analysis are presented in Worksheet #19.  Saturday deliveries will be coordinated by the 

FOL or his or her designee with the laboratory.  Worksheet #19 also lists the sample containers, chemical 

preservatives, and temperature condition requirements to maintain the integrity of the sample. The field 

sampling crew will attempt to identify any potentially high concentration samples on the chain-of-custody 

form.  

 
Laboratory procedures for sample receiving and chain-of-custody are detailed in SOP SD-902 (Katahdin) 

and SOP WS-QA-0003 (TestAmerica); and the laboratory procedures for disposal of the environmental 

samples are described in SOP 903 (Katahdin) and SOP WS-EHS-0001 (TestAmerica).  These SOPs are 

included in Appendix E. 
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SAP Worksheet #28a – Laboratory QC Samples Table  
(UFP-QAPP Manual Section 3.4) 
 
Note: Katahdin’s statistically-derived QC limits referenced in the worksheets below refer to Katahdin’s limits at the time of analysis. Katahdin’s current limits are 
presented in Appendix E.  
 

Matrix Soil/Sediment/ Water 
Analytical Group VOCs 
Analytical Method/ 
SOP Reference SW-846 8260B / CA-202        

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 
for Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Method Blank One per preparation 
batch of twenty or 
fewer samples of 
similar matrix. 

No target compounds > ½ 
LOQ (> LOQ for common 
laboratory contaminants) 
and > 1/10 the amount 
measured in any sample 
or 1/10 the PSL, 
whichever is greater. 

Correct the problem. Report sample 
results that are <LOD or >10x the blank 
concentration.  Reprepare and reanalyze 
the method blank and all associated 
samples with results > LOD and < 10x 
the contaminated blank result.  

Analyst, 
Laboratory 
Department 
Manager 

Bias/Contamination Same as Method/SOP 
QC Acceptance Limits. 

Surrogate Four per sample – 
Dibromofluorometha
ne 
1,2-Dichloroethane-
d4 
Toluene-d8 
4-
Bromofluorobenzen
e (BFB) 

%R must be within 
Katahdin’s statistically-
derived QC limits.  

 

For QC and field samples, correct 
problem then reprepare and reanalyze all 
failed samples for failed surrogates in the 
associated preparatory batch, if sufficient 
sample material is available. If obvious 
chromatographic interference with 
surrogate is present, reanalysis may not 
be necessary. 

Contact Client if samples cannot be 
reanalyzed within hold time. 

Analyst, 
Laboratory 
Department 
Manager  

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One per preparation 
batch of twenty or 
fewer samples of 
similar matrix. 

%R must be within 
Katahdin’s statistically-
derived QC limits, allowing 
for the number of marginal 
exceedances presented in 
the DoD Quality Systems 
Manual (QSM) Version 
4.1, Table G-1. 

Correct problem, then reprepare and 
reanalyze the LCS and all samples in the 
associated preparatory batch for failed 
analytes, if sufficient sample material is 
available. 

Contact Client if samples cannot be 
reanalyzed within hold time. 

Analyst, 
Laboratory 
Department 
Manager 

Accuracy/ Bias Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil/Sediment/ Water 
     

Analytical Group VOCs 
     

Analytical Method/ 
SOP Reference SW-846 8260B / CA-202        

     

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 
for Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

MS/MSD (not 
applicable for 
rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

%R should be within 
Katahdin’s statistically 
derived QC limits. 

Soil/Sediment Precision: 
RPD should be ≤ 30%. 

Water Precision: RPD 
should be ≤ 20%. 

Corrective actions will not be taken for 
samples when recoveries are outside 
limits if likely due to matrix, otherwise 
contact client. 

Analyst, 
Laboratory 
Department 
Manager 

Precision/Accuracy/ 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

Internal Standard 
(IS) 

Four per sample- 
Pentafluorobenzene 
Chlorobenzene-d5 
1,4-
dichlorobenzene-d4 
1,4-difluorobenzene 

Retention times for 
internal standards must be 
+ 30 seconds and the 
responses within -50% to 
+100% of the ICAL 
midpoint standard. 

Inspect mass spectrometer or gas 
chromatograph for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning. 

 

 

Analyst, 
Laboratory 
Department 
Manager 

Accuracy/ Bias 

 

Same as Method/SOP 
QC Acceptance Limits. 

Results between 
DL and LOQ 

Not applicable (NA) Apply “J” qualifier to 
results between DL and 
LOQ.  

NA Analyst, 
Laboratory 
Department 
Manager 

Accuracy 
 
 

Same as QC 
Acceptance Limits. 
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SAP Worksheet #28b – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)  
         

Matrix Water 

Analytical Group EDB 
Analytical Method/ 
SOP Reference 

SW-846 8011 / CA-319 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Method Blank One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

No target 
compounds > ½ 
LOQ and > 1/10 the 
amount measured in 
any sample or 1/10 
the PSL, whichever 
is greater. 

Correct the problem. Report sample results 
that are <LOD or >10x the blank 
concentration. Reprepare and reanalyze the 
method blank and all associated samples with 
results > LOD and < 10x the contaminated 
blank result.  

Analyst, 
Laboratory 
Department 
Manager and 
Data Validator 

Bias/contaminatio
n 

Same as Method/SOP 
QC Acceptance Limits. 

Surrogates One per sample -  
2,4,5,6-
Tetrachloro-m-
xylene 

%R must be within 
Katahdin’s 
statistically derived 
QC limits: 36-123%.  

For QC and field samples, correct problem 
then reprepare and reanalyze all failed 
samples for failed surrogates in the associated 
preparatory batch, if sufficient sample material 
is available. If obvious chromatographic 
interference with surrogate is present, 
reanalysis may not be necessary. 
 
Contact Client if samples cannot be 
reprepared within hold time.  

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

LCS One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

%R must be within 
method limits of 60 – 
140 %. 

Correct problem, then reprepare and 
reanalyze the LCS and all samples in the 
associated preparatory batch for failed 
analytes, if sufficient sample material is 
available (see full explanation in Appendix E). 
 
Contact Client if samples cannot be 
reprepared within hold time. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/ Bias Same as Method/SOP 
QC Acceptance Limits. 

MS/MSD (not 
applicable for 
rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

Same as LCS 
 
Water and Soil 
Precision: RPD 
should be ≤ 30%. 
 

Corrective actions will not be taken for 
samples when recoveries are outside limits if 
likely due to matrix, otherwise contact client. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Precision/Accura
cy/ Bias 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Water 

Analytical Group EDB 
Analytical Method/ 
SOP Reference 

SW-846 8011 / CA-319 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Second Column 
Confirmation 

All positive results 
must be confirmed. 

Results between 
primary and second 
column must be 
RPD ≤ 40%.  The 
higher of the two 
results will be 
reported unless 
matrix interference is 
apparent. 

None.  Apply qualifier if RPD >40% and 
discuss in the case narrative. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Precision Same as Method/SOP 
QC Acceptance Limits. 

Results between 
DL and LOQ 

NA Apply “J” qualifier to 
results between DL 
and LOQ.  

NA Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 
 
 

Accuracy 
 
 

Same as QC Acceptance 
Limits. 
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SAP Worksheet #28c – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)  
          

Matrix Soil/Sediment/ Water 
Analytical Group PAHs 
Analytical Method/ 
SOP Reference SW-846 8270D SIM / CA-213      

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Method Blank One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

No target 
compounds > ½ 
LOQ (> LOQ for 
common laboratory 
contaminants) and > 
1/10 the amount 
measured in any 
sample or 1/10 the 
PSL, whichever is 
greater. 

Correct the problem. Report sample results 
that are <LOD or >10x the blank 
concentration.  Reprepare and reanalyze the 
method blank and all associated samples with 
results > LOD and < 10x the contaminated 
blank result.  

Analyst, 
Laboratory 
Department 
Manager  

Bias/contamination Same as Method/SOP 
QC Acceptance Limits. 

Surrogate 3 per sample 
2-
Methylnaphthalene
-d10 
Fluorene-d10 
Pyrene-d10 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits.  
 

For QC and field samples, correct problem 
then reprepare and reanalyze all failed 
samples for failed surrogates in the associated 
preparatory batch, if sufficient sample material 
is available. If obvious chromatographic 
interference with surrogate is present, 
reanalysis may not be necessary. 
 
Contact Client if samples cannot be 
reprepared within hold time.  

Analyst, 
Laboratory 
Department 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

LCS One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits, allowing 
for the number of 
marginal 
exceedances 
presented in DoD 
QSM Table G-1. 

Correct problem, then reprepare and 
reanalyze the LCS and all samples in the 
associated preparatory batch for failed 
analytes, if sufficient sample material is 
available). 
 
Contact Client if samples cannot be 
reprepared within hold time. 

Analyst, 
Laboratory 
Department 
Manager 

Accuracy / Bias Same as Method/SOP 
QC Acceptance Limits. 

MS/MSD (not 
applicable for 
rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

%R should be within 
Katahdin’s 
statistically-derived 
QC limits. 

Corrective actions will not be taken for 
samples when recoveries are outside limits if 
likely due to matrix, otherwise contact client. 

Analyst, 
Laboratory 
Department 
Manager 

Precision/Accuracy/ 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil/Sediment/ Water 
Analytical Group PAHs 
Analytical Method/ 
SOP Reference SW-846 8270D SIM / CA-213      

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

 
Soil Precision: RPD 
should be ≤ 50%. 
 
Water Precision: 
RPD should be ≤ 
30%. 

IS Six per sample – 
1,4-
Dichlorobenzene-
d4 
Naphthalene-d8  
Acenaphthene-d10 
Phenanthrene-d10 
Chrysene-d12 
Perylene-d12  

Retention times for 
internal standards 
must be + 30 
seconds and the 
responses within -
50% to +100% of 
the ICAL midpoint. 
 

Inspect mass spectrometer or gas 
chromatograph for malfunctions. Mandatory 
reanalysis of samples analyzed while system 
was malfunctioning. 
 

Analyst, 
Laboratory 
Department 
Manager  
 

Accuracy/ Bias 
 
 

Same as Method/SOP 
QC Acceptance Limits. 

Results between 
DL and LOQ 

NA Apply “J” qualifier to 
results between DL 
and LOQ.  

NA Analyst, 
Laboratory 
Department 
Manager 

Accuracy 
 

Same as QC Acceptance 
Limits. 
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SAP Worksheet #28d – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4) 
 

Matrix Soil/Water 
Analytical Group PCBs 
Analytical 
Method/SOP 
Reference 

SW846 8082A /CA-329 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria  

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of similar 
matrix. 

Contaminants in the 
method blank must 
be < ½ LOQ, 

Correct the problem. Report sample results 
that are <LOD or >10x the blank 
concentration. Re-prepare and reanalyze the 
method blank and all associated samples with 
results > LOD and < 10x the contaminated 
blank result.  Contact Client if samples cannot 
be re-prepared within hold time. 

Analyst, Laboratory 
Department 
Manager and Data 
Validator Analyst, 
Laboratory 
Department 
Manager 

Bias/contaminat
ion 

Same as Method/SOP 
QC Acceptance Limits. 

Surrogates PCBs: one per 
sample: 
Decachloro-
biphenyl  
 

%Rs must meet the 
laboratory 
statistically-derived 
control limits.   

For QC and field samples, correct problem 
then re-prepare and reanalyze all failed 
samples for failed surrogates in the associated 
preparatory batch, if sufficient sample material 
is available. If obvious chromatographic 
interference with surrogate is present, 
reanalysis may not be necessary.  
 
Contact Client if samples cannot be re-
prepared within hold time.  

Analyst, Laboratory 
Department 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

LCS One per 
preparation batch 
of 20 or fewer 
samples of similar 
matrix. 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits. 

Correct problem, then re-prepare and 
reanalyze the LCS and all samples in the 
associated preparatory batch for failed 
analytes, if sufficient sample material is 
available.   
 
Contact Client if samples cannot be re-
prepared within hold time. 

Analyst, Laboratory 
Department 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil/Water 
Analytical Group PCBs 
Analytical 
Method/SOP 
Reference 

SW846 8082A /CA-329 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria  

MS/MSD (not 
applicable for rinsate 
blanks) 

One per SDG or 
every 20 samples. 

%R should be 
within Katahdin 
statistically derived 
limits.   
Soil Precision:  
RPD should be ≤ 
50%. 
Water Precision: 
RPD should be ≤ 
30%. 

Corrective actions will not be taken for 
samples when recoveries are outside limits if 
likely due to matrix, otherwise contact client. 

Analyst, Laboratory 
Department 
Manager 

Precision/Accur
acy/Bias 

Same as Method/SOP 
QC Acceptance Limits. 

Second Column 
Confirmation 

All positive results 
must be 
confirmed. 

Results between 
primary and second 
column must be 
RPD ≤ 40%.  The 
higher of the two 
results will be 
reported unless 
matrix interference 
is apparent. 

None.  Apply qualifier if RPD >40% and 
discuss in the case narrative. 

Analyst, Laboratory 
Department 
Manager 

Precision Same as Method/SOP 
QC Acceptance Limits. 

Results between DL 
and LOQ 

NA Apply “J” qualifier to 
results between DL 
and LOQ.  

NA Analyst, Laboratory 
Department 
Manager  
 

Accuracy 
 
 

Same as QC Acceptance 
Limits. 
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SAP Worksheet #28e – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)   
         

Matrix Soil/Sediment/ Water 
Analytical Group Metals (ICP-MS) 
Analytical Method/ 
SOP Reference SW846 6020A / CA-627 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Method Blank One per digestion 
batch of 20 or 
fewer samples of 
similar matrix. 

No target metals > ½ 
LOQ and > 1/10 the 
amount measured in 
any sample or 1/10 
the PSL, whichever 
is greater. For 
negative blanks, 
absolute value < 
LOD. 

Correct the problem. Report sample results 
that are <LOD or >10x the blank 
concentration. Reprepare and reanalyze the 
method blank and all associated samples with 
results > LOD and < 10x the contaminated 
blank result.  

Analyst, 
Laboratory 
Department 
Manager and 
Data Validator 

Bias/contamination Same as Method/SOP 
QC Acceptance Limits. 

LCS One per digestion 
batch of 20 or 
fewer samples of 
similar matrix. 

Water and Soil: 
%R must be within 
80-120%, allowing  
for the marginal 
exceedances 
presented in DoD 
QSM Table G-1. 

Redigest and reanalyze all associated 
samples for affected analyte. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias/ 
Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

MS (not applicable 
for rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

%R should be within 
80-120%if sample < 
4x spike added. 

Flag results for affected analytes for all 
associated samples with ”N”. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

Post-digestion 
Spike (not 
applicable for 
rinsate blanks) 

Project-specific 
frequency: When 
MS recovery fails 
or analyte 
concentration in all 
samples < 50x 
LOD 

%R should be within 
75-125%. 

Run associated samples by method of 
standard addition or flag results. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil/Sediment/ Water 
Analytical Group Metals (ICP-MS) 
Analytical Method/ 
SOP Reference SW846 6020A / CA-627 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Laboratory 
Duplicate (not 
applicable for 
rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

Project-specific 
criteria: If values are 
≥ 5x LOQ, RPD 
should be ≤ 20%.  If 
values are < 5x 
LOQ, Absolute 
Difference should be 
≤ LOQ. 

Flag results for affected analytes for all 
associated samples. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Precision Waters: If values are ≥ 
5x LOQ, RPD should be 
≤ 20%; if values are < 5x 
LOQ, Absolute 
Difference should be ≤ 
LOQ. 
 
Soils: If values are ≥ 5x 
LOQ, RPD should be ≤ 
35%; if values are < 5x 
LOQ, Absolute 
Difference should be ≤ 
2x LOQ. 

ICP Serial Dilution 
(not applicable for 
rinsate blanks) 

One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

If original sample 
result is at least 50x 
LOQ, 5-fold dilution 
must agree within ± 
10% of the original 
result. 

Flag results for affected analytes for all 
associated samples with “E”. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

 
Accuracy/Bias 

Same as Method/SOP 
QC Acceptance Limits. 

IS Appropriate IS 
required for all 
analytes in all 
samples.  Mass of 
IS must be <50 
amu different from 
that of analyte 

For each sample, IS 
intensity must be 
within 30-120% of 
that of initial 
calibration standard.   

Reanalyze affected samples. Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias Per the method, for each 
sample, IS intensity must 
be ≥ 70% of that of initial 
calibration standard.   
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SAP Worksheet #28f – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)   
      

Matrix Soil/Sediment/ Water 
Analytical Group Metals (Mercury) 
Analytical Method/ 
SOP Reference SW-846 7470A, 7471B / CA-611, CA-615 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 
Corrective 
Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria 
(MPC)  

Method Blank One per digestion 
batch of 20 or 
fewer samples of 
similar matrix. 

No mercury  > ½ 
LOQ and > 1/10 the 
amount measured in 
any sample or 1/10 
the PSL, whichever 
is greater. For 
negative blanks, 
absolute value < 
LOD. 

Correct the problem. Report sample results 
that are <LOD or >10x the blank 
concentration. Reprepare and reanalyze the 
method blank and all associated samples with 
results > LOD and < 10x the contaminated 
blank result.  

Analyst, 
Laboratory 
Department 
Manager and 
Data Validator 

Bias/contaminatio
n 

Same as Method/SOP 
QC Acceptance Limits. 

LCS One per digestion 
batch of 20 or 
fewer samples of 
similar matrix. 

Water and Soil: 
%R must be within 
80-120%. 
 

Redigest and reanalyze all associated 
samples for affected analyte. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias/ 
Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

MS (not applicable 
for rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

%R should be within 
80-120% if sample < 
4x spike added. 
 

Flag results for affected analytes for all 
associated samples with ”N”. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

Laboratory 
Duplicate (not 
applicable for 
rinsate blanks) 

One per sample 
delivery group 
(SDG) or every 20 
samples. 

Project-specific 
criteria: If values are 
≥ 5x LOQ, RPD 
should be ≤ 20%.  If 
values are < 5x 
LOQ, Absolute 
Difference should be 
≤ LOQ. 

Flag results for affected analytes for all 
associated samples. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Precision Waters: If values are ≥ 
5x LOQ, RPD should be 
≤ 20%; if values are < 5x 
LOQ, Absolute 
Difference should be ≤ 
LOQ. 
 
Soils: If values are ≥ 5x 
LOQ, RPD should be ≤ 
35%; if values are < 5x 
LOQ, Absolute 
Difference should be ≤ 
2x LOQ. 
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SAP Worksheet #28g -- QC Samples Table 
(UFP-QAPP Manual Section 3.4)  
 
 
Note: TestAmerica’s statistically-derived QC limits referenced in the worksheet below refer to TestAmerica’s limits at the time of analysis. TestAmerica’s current limits 
are presented in Appendix E.  
 
 
Matrix Soil/Sediment/ Aqueous Field QC Samples 
Analytical Group Dioxins 
Analytical Method/ SOP 
Reference SW-846 8290/ WS-ID-0005 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria  

Method Blank One per preparation 
batch 

Project specific criteria, 
if available.  Otherwise, 
no target analytes 
detected ≥ LOD or ≥ 
20% of the associated 
regulatory limit or ≥ 5% 
of the sample result for 
the analyte, whichever 
is greater.  (OCDD is 
considered a common 
laboratory contaminant 
and treated 
accordingly).  

Verify instrument clean (evaluate 
calibration blank & samples prior 
to method blank), then 
reanalyze.  Evaluate to 
determine if systematic issue 
within laboratory. Correct, then 
re-prepare and reanalyze the 
method blank and all samples 
processed with the contaminated 
blank in accordance with DoD 
QSM requirements.                                        
“Totals” are not considered 
“target analytes” – no corrective 
action or flagging is necessary 
for "totals". 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/ 
contamination 

Same as Method/SOP QC 
Acceptance Limits. 

Internal Standard Spike Every field sample, 
standard and QC 
sample 

%R for each IS in the 
original sample (prior to 
dilutions) must be 
within 40-135% for all 
2378-substituted 
internal standards. 

Correct problem, then reprepare 
and reanalyze the samples with 
failed IS. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy / Bias Same as Method/SOP QC 
Acceptance Limits. 

LCS One per sample 
preparation batch 

%R must be within 
TestAmerica’s 
statistically-derived 
control limits. 

Reanalyze LCS once.  If 
acceptable, report.  Otherwise, 
evaluate and reprepare and 
reanalyze the LCS and all 
samples in the associated 
preparation batch for failed 
analytes, if sufficient sample 
material is available. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/ Bias 
 
 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil/Sediment/ Aqueous Field QC Samples 
Analytical Group Dioxins 
Analytical Method/ SOP 
Reference SW-846 8290/ WS-ID-0005 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality  
Indicator (DQI)  

Measurement 
Performance  Criteria  

MS/MSD (not applicable 
for rinsate blanks) 

One MS/MSD per 
analytical/preparation 
batch 

%R must be within 
TestAmerica’s 
statistically-derived 
control limits; RPD 
must be ≤ 20%. 

Identify problem; if not related 
to matrix interference, re-extract 
and reanalyze MS/MSD and all 
associated batch samples in 
accordance with DoD QSM 
requirements. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/ Bias/ 
Precision  

Same as Method/SOP 
QC Acceptance Limits. 
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SAP Worksheet #28h – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)   
 

Matrix Water / Soil 

Analytical Group GRO 
Analytical Method/ 
SOP Reference 

SW-846 8015C / CA-316 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  Criteria 

(MPC) 

Method Blank One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

No analytes 
detected >1/2 the 
LOQ and >1/10 the 
amount measured in 
any sample or 1/10 
the regulatory limit 
(whichever is 
greater). 

Investigate source of contamination.  Evaluate 
the samples and associated QC: i.e., if the 
blank results are above the LOQ, report 
samples results which are < LOQ and >10X 
the blank. Otherwise, reprepare a blank and 
the remaining samples. 

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias, 
Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

Surrogates One per sample – 
BFB 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits.  
 

For QC and field samples, correct problem 
then reprepare and reanalyze all failed 
samples for failed surrogates in the associated 
preparatory batch, if sufficient sample material 
is available. If obvious chromatographic 
interference with surrogate is present, 
reanalysis may not be necessary. 
 
Contact Client if samples cannot be 
reprepared within hold time.  

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

LCS One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits. 

(1) Evaluate the samples and associated QC: 
i.e. If an MS/MSD was analyzed and 
acceptable, narrate.  If an LCS/LCSD was 
performed and only one of the set was 
unacceptable, narrate.  If the surrogate 
recoveries in the LCS are low but are 
acceptable in the blank and samples, narrate.  
If the LCS recovery is high but the sample 
results are < LOQ, narrate.  Otherwise, reprep 
a blank and the remaining samples. 

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Water / Soil 

Analytical Group GRO 
Analytical Method/ 
SOP Reference 

SW-846 8015C / CA-316 

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  Criteria 

(MPC) 

MS/MSD (not 
applicable for 
rinsate blanks) 

One per SDG or 
every 20 samples. 

%R should be within 
Katahdin’s 
statistically-derived 
QC limits. 
 
Water and Soil 
Precision: RPD 
should be ≤ 30%. 
 

Corrective actions will not be taken for 
samples when recoveries are outside limits if 
likely due to matrix, otherwise contact client. 

Analyst, 
Supervisor, QA 
Manager 

Precision/Accura
cy/Bias 

Same as Method/SOP 
QC Acceptance Limits.  
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Worksheet #28i – Laboratory QC Samples Table    
(UFP-QAPP Manual Section 3.4)  
 

Matrix Water / Soil 

Analytical Group ExTPH 
Analytical Method/ 
SOP Reference 

SW-846 8015C / CA-315  

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  Criteria 

(MPC) 

Method Blank One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

No analytes 
detected >1/2 the 
LOQ and >1/10 the 
amount measured in 
any sample or 1/10 
the regulatory limit 
(whichever is 
greater). 

Investigate source of contamination.  Evaluate 
the samples and associated QC: i.e., if the 
blank results are above the LOQ, report 
samples results which are < LOQ and >10X 
the blank. Otherwise, reprepare a blank and 
the remaining samples. 

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias, 
Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

Surrogates One per sample – 
Ortho-terphenyl 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits.  
 

For QC and field samples, correct problem 
then reprepare and reanalyze all failed 
samples for failed surrogates in the associated 
preparatory batch, if sufficient sample material 
is available. If obvious chromatographic 
interference with surrogate is present, 
reanalysis may not be necessary. 
 
Contact Client if samples cannot be 
reprepared within hold time.  

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 

LCS One per 
preparation batch 
of twenty or fewer 
samples of similar 
matrix. 

%R must be within 
Katahdin’s 
statistically-derived 
QC limits. 

(1) Evaluate the samples and associated QC: 
i.e. If an MS/MSD was analyzed and 
acceptable, narrate.  If an LCS/LCSD was 
performed and only one of the set was 
unacceptable, narrate.  If the surrogate 
recoveries in the LCS are low but are 
acceptable in the blank and samples, narrate.  
If the LCS recovery is high but the sample 
results are < LOQ, narrate.  Otherwise, 
reprepare a blank and the remaining samples. 

Analyst, 
Supervisor, QA 
Manager 

Accuracy/Bias Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Water / Soil 

Analytical Group ExTPH 
Analytical Method/ 
SOP Reference 

SW-846 8015C / CA-315  

QC Sample: Frequency/ 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  Criteria 

(MPC) 

MS/MSD (not 
applicable for 
rinsate blanks) 

One per SDG or 
every 20 samples. 

%R should be within 
Katahdin’s 
statistically-derived 
QC limits. 
 
Water and Soil 
Precision: RPD 
should be ≤ 30%. 
 

Corrective actions will not be taken for 
samples when recoveries are outside limits if 
likely due to matrix, otherwise contact client. 

Analyst, 
Supervisor, QA 
Manager 

Precision/Accura
cy/Bias 

Same as Method/SOP 
QC Acceptance Limits.  
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SAP Worksheet #29 -- Project Documents and Records Table 
(UFP-QAPP Manual Section 3.5.1) 

 
Document Where Maintained 
Field Documents 
Field Logbook 
Field Sample Forms  
Chain-of-Custody Records 
Air Bills 
Sampling Instrument Calibration Logs 
Sampling Notes  
Drilling Logs 
Photographs         
FTMR Forms 
SAP 
HASP 

Field documents will be maintained in the project file located in the Tetra Tech 
Wilmington, Massachusetts office. 

Laboratory Documents and Records - in the form of analytical data 
package: 
Sample receipt/login form 
Sample storage records 
Sample preparation logs 
Equipment calibration logs 
Sample analysis run logs 
Reported results for standards, QC checks, and QC samples 
Data completeness checklists 
Telephone logs 
Extraction/clean-up records 
Raw data 

Laboratory documents will be included in the hardcopy and electronic deliverables from 
the laboratory.  Laboratory data deliverables will be maintained in the Tetra Tech 
Wilmington, Massachusetts project file and in long-term data package storage at a third-
party professional document storage firm. 
 
Electronic data results will be maintained in a database on a password protected 
Structured Query Language (SQL) server. 

Assessment Findings 
Field Sampling Audit Checklist (if conducted) 
Analytical Audit Checklist (if conducted) 
Data Validation Memoranda (include tabulated data summary forms) 

All assessment documents will be maintained in the Tetra Tech Wilmington, 
Massachusetts project file.  

Reports 
Data Report 

All versions of the Project Report and support documents (e.g., Data Validation Reports) 
will be stored in hard copy in the Tetra Tech Wilmington, Massachusetts project file and 
electronically in the server library. 
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SAP Worksheet #30 -- Analytical Services Table 
(UFP-QAPP Manual Section 3.5.2.3) 
 

 

 
Matrix 

 
Analytical 

Group 

Sample 
Locations/ID 

Number 
Analytical Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory / Organization 

(name and address, contact person and  
telephone number) 

 
Backup 

Laboratory / 
Organization 

(name and 
address,  contact 

person and 
telephone 
number) 

Soil, Sediment, 
and Aqueous  

VOCs 

See Worksheet #18 

SW-846 8260B 

21 days 

Katahdin Analytical Services, Inc. 
600 Technology Way 
Scarborough, Maine 04074 
 
Contact: 
Ms. Kelly Perkins 
(207) 874-2400 

Not applicable 

GRO and 
ExTPH SW-846 8015C 

PAHs SW-846 8270D 
SIM 

Metals SW-846 6020A, 
7470A, 7471B 

Aqueous EDB SW-846 8011 

Soil and 
Aqueous 

PCBs SW-846 8082A 

Soil, Sediment, 
and Aqueous  

Dioxins See Worksheet  #18 SW-846 8290 21 days 

TestAmerica  
880 Riverside Parkway  
West Sacramento, CA 95605 
 
Contact: 
Mr. Nilo Ligi 
916-374-4427 
 

Not applicable 

 
Data packages will be provided as both hardcopy and portable document format (.PDF).  Laboratories will provide a NIRIS compatible EDD.  Data packages will be Contract 
Laboratory Program (CLP)-equivalent (i.e., they will contain CLP-equivalent summary forms and raw data).  Data will be stored by the analytical laboratories for seven years. 
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SAP Worksheet #31 -- Planned Project Assessments Table 
(UFP-QAPP Manual Section 4.1.1) 
 

Assessment 
Type Frequency Internal or 

External 
Organization 
Performing 

Assessment 

Person(s) Responsible 
for Performing 
Assessment  

(title and organizational 
affiliation) 

Person(s) Responsible for 
Responding to 

Assessment Findings 
 (title and organizational 

affiliation) 

Person(s) Responsible 
for Identifying and 

Implementing 
Corrective Actions (CA)  
(title and organizational 

affiliation) 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of CA  

(title and organizational 
affiliation) 

Laboratory 
System Audit1 

Every 2 
years External 

DoD 
Environmental 

Laboratory 
Accreditation 

Program (ELAP) 
Accrediting Body 

DoD ELAP Accrediting 
Body Auditor 

Katahdin QAM 
TestAmerica QAM  

Katahdin QAM 
TestAmerica QAM 

DoD ELAP Accrediting 
Body Auditor 

 
1. Katahdin and TestAmerica successfully completed the DoD’s ELAP audit for all analytical methods.  Copies of Katahdin’s and TestAmerica’s DoD ELAP accreditations are 

included in Appendix E. 
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SAP Worksheet #32 -- Assessment Findings and Corrective Action Responses 
(UFP-QAPP Manual Section 4.1.2) 
 

 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified of 
Findings  

(name, title, organization) 

Timeframe of 
Notification 

Nature of 
Corrective Action 

Response 
Documentation  

Individual(s) Receiving 
Corrective Action 

Response  
(name, title, organization) 

Timeframe for 
Response 

Laboratory 
System Audit 

Written audit 
report 

QAM, Katahdin 
QAM, TestAmerica 

Not specified by DoD 
ELAP  Letter DoD ELAP Accrediting Body Specified by DoD 

ELAP  
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SAP Worksheet #33 -- QA Management Reports Table 
(UFP QAPP Manual Section 4.2) 

 
 

Type of Report 
Frequency 

(daily, weekly monthly, quarterly, 
annually, etc.) 

Projected Delivery Date(s) 
Person(s) Responsible for 

Report Preparation 
(title and organizational affiliation) 

Report Recipient(s) 
(title and organizational affiliation) 

Data validation report Per SDG Within 3 weeks of receipt of 
laboratory data 

Project Chemist, Tetra Tech 
 

PM, Tetra Tech 
Tetra Tech project file 

Major analysis problem 
identification (internal 
memorandum) 

When persistent analysis 
problems are detected 

Immediately on detection of 
problem (same day) 

QAM, Tetra Tech PM (Tetra Tech), Program 
Manager (Tetra Tech), 
Tetra Tech project file 

Project monthly progress report1 Monthly for duration of the project Monthly PM, Tetra Tech Navy, project file 

Laboratory QA Report When significant plan deviations 
result from unanticipated 
circumstances 

Immediately on detection of 
problem (same day) 

PM, Katahdin 
PM, TestAmerica 

Tetra Tech project file 

 
1. The monthly progress report is an update for the Navy RPM and contract office.  The report includes information such as activities completed, an updated schedule, 
identification of outstanding issues, plans for the next period, and a financial narrative.
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SAP Worksheet #34 -- Verification (Step I) Process Table 
(UFP-QAPP Manual Section 5.2.1) 
 

   

Verification Input Description Internal /  
External 

Responsible for Verification  
(name, organization) 

Chain-of-Custody Forms The Tetra Tech FOL or designee will review and sign the chain-of-
custody form to verify that all samples listed are included in the shipment 
to the laboratory and the sample information is accurate.  The forms will 
be signed by the sampler and a copy will be retained for the project file, 
the Tetra Tech PM, and the Tetra Tech Data Validators. 

Internal Sampler and FOL, Tetra Tech 

The Laboratory Sample Custodian will review the sample shipment for 
completeness, integrity, and sign accepting the shipment.  The Tetra 
Tech Data Validators will check that the chain-of-custody form was 
signed/dated by the Tetra Tech FOL or designee relinquishing the 
samples and also by the Laboratory Sample Custodian receiving the 
samples for analyses. 

Internal/ 
External 

1 - Laboratory Sample Custodian,  
Katahdin and TestAmerica 
2 - Data Validators, Tetra Tech 

SAP Sample Tables/  
Chain-of-Custody Forms 

Verify that all proposed samples listed in the SAP tables have been 
collected. 

Internal FOL or designee, Tetra Tech 

Sample Log Sheets Verify that information recorded in the log sheets is accurate and 
complete.  

Internal FOL or designee, Tetra Tech 

Sample coordinates Verify that actual sample locations are correct and in accordance with the 
SAP proposed locations.  Document any discrepancies in the final report. 

Internal Tetra Tech, FOL or designee 

SAP/ Field Logs/ 
Analytical Data Packages 

Ensure that all sampling SOPs were followed.  Verify that deviations have 
been documented and MPCs have been achieved.  Particular attention 
should be given to verify that samples were correctly identified, that 
sampling location coordinates are accurate, and that documentation 
establishes an unbroken trail of documented chain-of-custody from 
sample collection to report generation.  Verify that the correct sampling 
and analytical methods/SOPs were applied.  Verify that the sampling plan 
was implemented and carried out as written and that any deviations are 
documented.   

Internal PM or designee, Tetra Tech 

SAP/ Laboratory SOPs/ 
Raw Data/ Applicable 
Control Limits Tables 

Ensure that all laboratory SOPs were followed.  Verify that the correct 
analytical methods/SOPs were applied.  Establish that all method QC 
samples were analyzed and in control as listed in the analytical SOPs.  If 
method QA is significantly out of control, the Laboratory QAM will contact 
the Tetra Tech PM via telephone or e-mail for guidance prior to report 
preparation. 

Internal Laboratory QAM,  Katahdin and 
TestAmerica 
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Verification Input Description Internal /  
External 

Responsible for Verification  
(name, organization) 

SAP/ Chain-of-Custody 
Forms 

Check that field QC samples listed in Worksheet #20 were collected as 
required. 

Internal FOL or designee, Tetra Tech 

Analytical Data Packages 
 

All analytical data packages will be verified internally for completeness by 
the laboratory performing the work.  The Laboratory QAM will sign the 
case narrative for each data package. 

Internal Laboratory QAM,  Katahdin and 
TestAmerica 

EDDs/ Analytical Data 
Packages 

Each EDD will be verified against the chain-of-custody and hard copy 
data package for accuracy and completeness.  Laboratory analytical 
results will be verified and compared to the electronic analytical results 
for accuracy.  Sample results will be evaluated for laboratory 
contamination and will be qualified for false positives using the laboratory 
method/preparation blank summaries.  Positive results reported between 
the DL and the LOQ will be qualified as estimated.  Extraneous laboratory 
qualifiers will be removed from the validation qualifier. 

External Data Validators, Tetra Tech 

Each data package will be verified for completeness by the Tetra Tech 
Data Validator.  Missing information will be requested by the Tetra Tech 
Data Validator from the Laboratory PM. 

External Data Validators,  Tetra Tech 
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SAP Worksheet #35 -- Validation (Steps IIa and IIb) Process Table  
(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 
 

Step IIa / IIb Validation Input Description Responsible for Validation 
(name, organization) 

IIa Chain-of-Custody 
Forms 

Custody - Ensure that the custody and integrity of the samples was 
maintained from collection to analysis and the custody records are complete 
and any deviations are recorded.  Review that the samples were shipped and 
store at the required temperature and sample pH for chemically-preserved 
samples meet the requirements listed in Worksheet #19.  Ensure that the 
analyses were performed within the holding times listed in Worksheet #19. 

Project Chemist or Data 
Validators, Tetra Tech 

IIa/IIb SAP/ Laboratory 
Data Packages/ 
EDDs  

Ensure that the laboratory QC samples listed in Worksheet #28 were 
analyzed and that the MPCs listed in Worksheet #12 were met for all field 
samples and QC analyses.  Check that specified field QC samples were 
collected and analyzed and that the analytical QC criteria set up for this 
project were met.   

Project Chemist or Data 
Validators, Tetra Tech 

Check the field sampling precision by calculating the RPD for field duplicate 
samples.  Check the laboratory precision by reviewing the RPD or percent 
difference values from laboratory duplicate analyses; MS/MSDs; and LCS/ 
LCSD, if available.  Ensure compliance with the methods and project MPCs 
accuracy goals listed in Worksheet #12. 
Check that the laboratory recorded the temperature at sample receipt and the 
pH of the chemically preserved samples to ensure sample integrity from 
sample collection to analysis. 
Review the chain-of-custody forms generated in the field to ensure that the 
required analytical samples have been collected, appropriate sample 
identifications have been used, and correct analytical methods have been 
applied.  The Tetra Tech Data Validator will verify that elements of the data 
package required for validation are present, and if not, the laboratory will be 
contacted and the missing information will be requested.  Validation will be 
performed as per Worksheet #36.  Check that all data have been transferred 
correctly and completely to the final SQL database.   
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SAP Worksheet #35 – Validation (Steps IIa and IIb) Process Table (Continued) 
 

Step IIa / IIb Validation Input Description Responsible for Validation 
(name, organization) 

IIb SAP/ Laboratory 
Data Packages/ 
EDDs 

 Project Chemist or Data Validators, 
Tetra Tech 

QA/QC - Ensure that all QC samples specified in the SAP were collected and 
analyzed and that the associated results were within prescribed SAP acceptance 
limits.  Ensure that QC samples and standards prescribed in analytical SOPs were 
analyzed and within the prescribed control limits.  If any significant QC deviations 
occur, the Laboratory QAM shall have contacted the Tetra Tech PM. 
Deviations - Summarize deviations from methods, procedures, or contracts in the 
Data Validation Report.  Determine the impact of any deviation from sampling or 
analytical methods and SOPs requirements and matrix interferences effect on the 
analytical results.  Qualify data results based on method or QC deviation and explain 
all the data qualifications.  Print a copy of the project database qualified data 
depicting data qualifiers and data qualifiers codes that summarize the reason for 
data qualifications.  Determine if the data met the MPCs and discuss the potential 
impact of any deviations on the technical usability of the data. 

 
 



Project-Specific Sampling and Analysis Plan                                         Title: Data Gaps Assessment 
Site Name: Tank Farm 3, Category 1 Areas Document No.: W5211738F 
Project Name: NAVSTA Newport Revision Number: 0 
Site Location: Newport, Rhode Island Date: May 2013 
 

 Page 124 of 126 

SAP Worksheet #36 -- Validation (Steps IIa and IIb) Summary Table 
(UFP-QAPP Manual Section 5.2.2.1) 
 

Step IIa / IIb Matrix Analytical 
Group Validation Criteria 

Data Validator 
(title and organizational 

affiliation) 

IIa and IIb Soil, Sediment, 
and Aqueous 

VOCs, PAHs, 
GRO, ExTPH 

Tier II(1) data validation.  Project-specific criteria for VOCs by SW-846 
8260B  PAHs by SW-846 8270D SIM, and GRO and ExTPH by SW-846 
8015C are listed in Worksheets #12, #15, #19, #24, and #28. Region I 
EPA-NE Data Validation Functional Guidelines for Evaluating 
Environmental Analyses, Part II, December 1996 (USEPA, 1996b) will 
be applied using these criteria. 

Tetra Tech, Project 
Chemist (K. Carper) 
and staff chemists 

IIa and IIb Soil and 
Aqueous PCBs and EDB 

Tier II1 data validation.  Criteria for PCBs by SW-846 8082A and for 
EDB by SW-846 8011 are listed in Worksheets #12, #15, #19, #24, and 
#28. Region I EPA-NE Data Validation Functional Guidelines for 
Evaluating Environmental Analyses, Part III, February 2004 (EPA, 2004) 
will be applied using these criteria. 

IIa and IIb Soil, Sediment, 
and Aqueous Dioxins 

Tier II(1) data validation.  Project-specific criteria for dioxins by SW-846 
8290 are listed in Worksheets #12, #15, #19, #24, and #28. USEPA 
National Functional Guidelines for Chlorinated Dibenzo-p-Dioxins 
(CDDs) and Chlorinated Dibenzofurans (CDFs) Data Review, 
September 2005 (EPA, 2005b) will be applied using these criteria. 

IIa and IIb Soil, Sediment, 
and Aqueous Metals 

Tier II(1) data validation.  Project-specific criteria for metals by SW-846 
6020A/7470A/7471B are listed in Worksheets #12, #15, #19, #24, and 
#28.  Region I EPA-NE Data Validation Functional Guidelines for 
Evaluating Environmental Analyses, Part IV, November 2008 (USEPA, 
2008) will be applied using these criteria. 

 
1 –  As defined in the Region I EPA-NE Data Validation Functional Guidelines for Evaluating Environmental Analyses, Part I, Attachment B, “Region 1 Tiered 
Organic and Inorganic Data Validation Guidelines”, July 1, 1993, Draft (USEPA, 1996b). 
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SAP Worksheet #37 -- Usability Assessment 
(UFP-QAPP Manual Section 5.2.3) 
 

Data Usability Assessment 

The usability of the data directly affects whether project objectives can be achieved.  The following characteristics 
will be evaluated at a minimum.  The results of these evaluations will be included in the project report.  The 
characteristics will be evaluated for multiple concentration levels if the evaluator determines that this is 
necessary.  To the extent required by the type of data being reviewed, the assessors will consult with other 
technically competent individuals to render sound technical assessments of these data characteristics: 
 

Completeness: The FOL, acting on behalf of the Project Team, will determine whether deviations from the 
scheduled sample collection or analyses occurred.  If they have occurred and the Tetra Tech PM determines 
that the deviations compromise the ability to meet project objectives she will consult with the Navy RPM and 
other project team members, as necessary (determined by the Navy RPM), to develop appropriate corrective 
actions. 
 
Precision: The Project Chemist, or designee, acting on behalf of the Project Team, will determine whether 
precision goals for field duplicates and laboratory duplicates were met.  This will be accomplished by 
comparing duplicate results to precision goals identified in Worksheets #12 and #28.  This will also include a 
comparison of field and laboratory precision with the expectation that laboratory duplicate results will be no 
less precise than field duplicate results.   If the goals are not met, or data have been flagged as estimated (J 
qualifier), limitations on the use of the data will be described in the project report. 
 
Accuracy: The Project Chemist, acting on behalf of the Project Team, will determine whether the 
accuracy/bias goals were met for project data.  This will be accomplished by comparing percent recoveries 
of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in Worksheet #28.  This 
assessment will include an evaluation of field and laboratory contamination; instrument calibration 
variability; and analyte recoveries for surrogates, matrix spike, matrix spike duplicate, and laboratory control 
samples.  If the goals are not met, limitations on the use of the data will be described in the project report.  
Bias of the qualified results and a description of the impact of identified non-compliances on a specific data 
package or on the overall project data will be described in the project report. 
 
Representativeness: A project scientist identified by the Tetra Tech PM, and acting on behalf of the Project 
Team, will determine whether the data are adequately representative of intended populations, both spatially 
and temporally.  This will be accomplished by verifying that samples were collected and analyzed in 
accordance with this SAP, by reviewing spatial and temporal data variations, and by comparing these 
characteristics to expectations.  The usability report will describe the representativeness of the data for each 
matrix and analytical fraction.  This will not require quantitative comparisons unless professional judgment of 
the project scientist indicates that a quantitative analysis is required.    
 
Comparability: The PM or designee, acting on behalf of the Project Team, will determine whether the data 
generated under this project are sufficiently comparable to historical property data generated by different 
methods and for samples collected using different procedures and under different property conditions.  This 
will be accomplished by comparing overall precision and bias among data sets for each matrix and analytical 
fraction.  This will not require quantitative comparisons unless the Project Chemist indicates that such 
quantitative analysis is required. 
 
Sensitivity: The Project Chemist, acting on behalf of the Project Team, will determine whether project 
sensitivity goals listed in Worksheet #15 are achieved.  The overall sensitivity and quantitation limits from 
multiple data sets for each matrix and analysis will be compared.  If sensitivity goals are not achieved, the 
limitations on the data will be described.   
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Data Usability Assessment 

Describe the evaluative procedures used to assess overall measurement error associated with the 
project:   
 
After completion of the data validation, the data and data quality will be reviewed to determine whether sufficient 
data of acceptable quality are available for decision making.  In addition to the evaluations described above, a 
series of inspections and statistical analyses will be performed to estimate these characteristics.  The statistical 
evaluations will include simple summary statistics for target analytes, such as maximum concentration, minimum 
concentration, number of samples exhibiting non-detected results, number of samples exhibiting positive results, 
and the proportion of samples with detected and non-detected results.  The Project Team members identified by 
the PM will assess whether the data collectively support the attainment of project objectives.  They will consider 
whether any missing or rejected data have compromised the ability to make decisions or to make the decisions 
with the desired level of confidence.  The data will be evaluated to determine whether missing or rejected data 
can be compensated by other data.   
 
For statistical evaluations, Worksheet #11 describes how to treat non–detected values. 
 
Identify the personnel responsible for performing the usability assessment:   
 
The Tetra Tech PM, Project Chemist, and FOL will be responsible for conducting the listed data usability 
assessments.  The data usability assessment will be reviewed with the Project Team.  If deficiencies affecting the 
attainment of project objectives are identified, the review will take place either in a face to face meeting or a 
teleconference depending on the extent of identified deficiencies.  If no significant deficiencies are identified, the 
data usability assessment will simply be documented in the project report and reviewed during the normal 
document review cycle. 
 
Describe the documentation that will be generated during usability assessment and how usability 
assessment results will be presented so that they identify trends, relationships (correlations), and 
anomalies:   
 
The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or rejection 
(R).  The project report will identify and describe the data usability limitations and suggest re-sampling or other 
corrective actions, if necessary.  Graphical presentations of the data such as concentration tag maps will be 
generated as part of the overall data evaluation process. 
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APPENDIX A
SUMMARY OF RESULTS BY AREA AND CATEGORY

TANK FARM 3- STUDY AREA SCREENING EVALUATION
NAVSTA NEWPORT, NEWPORT RI

Area History Status Analytical Summary Recommendations
Catogory 1 Area
Burn (Sand Filter) Pit AOC 
001

Tank bottoms and ring-drain water was 
historically pumped this sand filter.  
Residual oil remaining in the sand filter was 
reportedly burned or scraped off and 
removed to an off-site location.    

In 2004, contaminated soil within pit and 
accessible contaminated soil outside pit was 
excavated.  Inside of pit was pressure washed.  
The structure remains beneath six feet of clean 
fill.

Groundwater below criteria.  Limited 
volume of soil with TPH  above RIDEM 
criteria remain.  

Due to sludge burning, further investigation 
under CERCLA and Navy IR Program.  

Building 227 Electrical Control House A transformer is located in this building and it 
potentially stored other contaminant sources.

One soil boring has been advanced 
downgradient of the building.  Soil 
samples were collected and groundwater 
samples were collected.  No evidence of 
contamination.

Further investigate the soils and 
groundwater in the vicinty of Building 227 
under CERCLA and Navy IR Program.  

AOC 020 2 Pad mounted transformers located within 
this AOC which consists of a former 
(decomissioned) tranformer blockhouse 

Two pad monted transformers remain in this 
area.  Soil sampling associated with the 
transformers occurred in 2004 and analysis for 
PCBs was performed.  

Soil analytical results were below the 
RIDEM criteria.  But were above the 
ORNL for PCBs.  

Further investigate soil and groundwater for 
PCBs under CERCLA and Navy IR 
Program.

Category 2 Areas
AOC 004 area of ground staining seen in aerial 

photograph in middle of loop road
test pits and soil remediation in 2004 Soil concentrations of TPH remain above 

RIDEM Residential and Industrial DEC
Further investigate/manage under the 
RIDEM UST program

AOC 017 discolored area along bank of drainage 
ditch seen in aerial photograph

test pits and soil remediation in 2004 PAHs in soil remaing above RIDEM 
Residential DEC. 

Further investigate/manage under the 
RIDEM UST program

AOC 023 Ground staining from Tank 33 access vault test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Further investigate/manage under the 
RIDEM UST program

Tank 33 UST used for storage of fuels from World 
War 2 until the 1970s

Tank Closed Downgradient monitoring well GZ-304 
contained elevated levels of naphthalene 
in 2004

Further investigate/manage under the 
RIDEM UST program

Tank 32 Vent Vent associated with UST used for storage 
of fuels from World War 2 until the 1970s

Tank Closed TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 005 discolored area seen in aerial photograph test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 009 discolored area seen in aerial photograph test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 010 discolored area seen in aerial photograph test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 012 possibly excavated area and staining seen 
in aerial photograph

test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 018 disturbed vegetation seen in aerial 
photograph

test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

AOC 029 staining and distressed vegetation seen in 
aerial photograph

test pits and soil remediation in 2004 TPH in soil remaining above RIDEM 
Residential DEC.

Manage with a CAP and LUC under the 
RIDEM UST program

W5210660DF CTO WE59



APPENDIX A
SUMMARY OF RESULTS BY AREA AND CATEGORY

TANK FARM 3- STUDY AREA SCREENING EVALUATION
NAVSTA NEWPORT, NEWPORT RI

Area History Status Analytical Summary Recommendations

Category 3 Areas

Building 228

potential floor drains withhin the valve 
house.  The building contain(ed) possible 
sources 

previously investigated for petroleum impacts, 
pipes were excavated, eight samples collected no exceedences of RDEC for TPH

Investigate the inside of the building and 
develop a SAP if a floor drain is found

Electrical substation
electrical substation in the southewest 
corner of property not investigated not applicable

Further evaluation to determine if additional 
investigation is required

Former Building 108

location of former pump house/ security 
shed. Housed switch gear to activate the 
fire suppression system Building no longer exists.  Not investigated not applicable

Further evaluation to determine if additional 
investigation is required

Building 229
A stripper valve point, part of petroleum 
distribution piping

Previously cleaned and decommissioned.  No 
record of release. not applicable

Further evaluation to determine if additional 
investigation is required

Possible OWS#4
A structure was labelled OWS#4 in the 
Work Plan for Site Closure.  

There are no records of this OWS and it was 
likely never built or was mis-labelled not applicable

Further evaluation to determine if this 
structure exists and if so, if an investigation 
is required

Fencing Painted metal fence around the Site not investigated not applicable
Further evaluation to determine if additional 
investigation is required

W5210660DF CTO WE59
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The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database 
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review 
Process. 

2.0 SCOPE 

The methods described in this Standard Operating .Procedure (SOP} shall be used consistently for all 
projects managed by Tetra Tech NUS (TtNUS}. 

3.0 GLOSSARY 

Chain-of-Custodv Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another. The Chain-of­
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-custody 
and field documentation requirements are addressed in SOP SA-6.1. 

Electronic Database - A database provided on a compact laser disk (CD}. Such electronic databases will 
generally be prepared using public domain software such as DBase, ABase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 

Hardcopy Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 

Form I - A printed copy of the analytical results for each sample. 

Sample Tracking Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 

4.0 RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file). It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the Database Records file. 

Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee} to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian. It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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Earth Sciences Department Manaaer - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 

FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of­
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 

Management Information Systems (MIS) Manager - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (COs) are placed in both the project files and the 
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance 
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility 
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that both electronic 
and hardcopy forms of the final database are placed in both the project and the Database Record File. It 
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the 
database. 

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request. The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests. It shall be the responsibility of the MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 

Program/Department Managers - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 

Project Manager - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements 
regarding Chain-of-Custody Form provision to the Database Records Custodian. It shall be the 
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant 
and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File. It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 

Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on 
a quarterly basis. 
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Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries. It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes 
the presence of all relevant sample information (all sample information fields), agreement of the laboratory 
and database analytical results, and the presence of data validation qualifiers. 

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure via routine audits. 

5.0 PROCEDURES 

5.1 Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file. 

5.2 File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager. 
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents 
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file 
for placement in the Database Record File. Each file in the Database Record File shall consist of 
standard components placed in the file as the project progresses. Each file shall be clearly labeled with 
the project number, which shall be placed on the front of the file drawer and on each and every hanging 
file folder relevant to the project. The following constitute the minimum components of a completed file: 

• Electronic Deliverables 
• Sample Tracking Forms 
• Chain-of-Custody Forms 
• Data Validation Letters 
• Quality Assurance Records 

5.3 Electronic Dellverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory. The integrity of all original electronic data deliverables shall be 
maintained. This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for 
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database 
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a 
working copy. · 
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Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of­
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from 
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed. 
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data 
packages from the laboratory and of completion of validation of a given data package to facilitate updating 
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample 
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample 
Tracking Form shall also be provided to the project manager to apprise the project manager of sample 
package receipt, completion of validation, etc. 

5.5 Chain-of-Custody Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1} updating the Sample 
Tracking Form, and (2} confirmi.ng that all required samples and associated analyses have been 
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian. The Database Record Custodian shall use this copy to update the Sample Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database 
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1. 

5.6 Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted} shall be provided for 
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results} need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms. The data 
validation deliverables (and attendant analytical summaries} will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers. 

5.7 Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database. In the event that historical data are germane to the project, hardcopy of the historical data must 
be included in the Database Record File. Historical data may be maintained in the form of final reports or 
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its 
collection date, the sample location, the matrix, and any and all other pertinent information. All available 
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall 
be photocopied by the Project Manager (or designee} and placed in one or more 3-ring binders. All 
information shall be organized chronologically by matrix. It shall be the responsibility of the Project 
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody 
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project 
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
relevant forms. Data entry may only be performed on information that has undergone the aforementioned 
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editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. · 

6.0 RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section. Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage. The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 

Database Record File 
PROJECT NUMBER:_ 
SITE NAME: --:--:-­
DATE FILED: _j_j_ 
SUMMARY OF CONTENTS ENCLOSED 
BOX_OF _ 

Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 
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ATTACHMENT A 

-

~ MISiREQUEST FORM 

Ton Toch NUS,Ino. 

Prolec:t Nama: ReQuest DalB: 
CTO: Date Data Available for PlodUCUon: 
Prefect Manager: I Ret'IIIIISIIn SUI!I!!!!! at. 
ReQuestor: Dalaball8 Lead: 
ProgramiCfient : GIS Lead: 
State/EPA Realon: Stallatlcs Lead: 

Risk lead: 
She NIIIT18{a) (Area. OU ale.): 
Slll!lllln!l Date{s : : 
Matllx: UGW uso uso I!..JSW u Olher: 

ub!Q: 0'1ibels needed for sn upc:ominp sampling ever. Total I ol Samples 
Ednated Hours Addtlonallnatruclions: 
Due Date 

Complste ETS Charge No. 
FOL 

' 
Data Entry: ----~---§ Chemical dala naads to ba ~from hardcopy Esllmatadlo1Sillr1lfes 

Charnical dala needs tO ba torlnatad electronlcal1y 
Field analytical data needs to t,e entered from hardcopy a Geologic data needs to be e:tred from hardcopy 
Hydrology dala needs to be . arecJ from hardcopy 

Estlmatad HD\118 ~ Addllionallnstructlona: 
Due Date 

' Complete ETS Charge No. 

!Tables: - Fun Data Printout 

= Summ!!!JI: of Positlva Hl1& -OccurllllCII snd Distribution : lJ Vlll1h crltarla -SamDri!:!IJ AnaMical Sum!!!.!!!X! 
Other: 

Estimated HOIA'II Additional lnatrucllons: 
Due Date 

Cori1lleta ETS Charge No. 

OIS: 8 General Facility Location · 
Site Location ! 
Potanllometrlc ContoursiGroulidwaler Flew § Sam!!!! Location PrOPOSBd 1 
Sample Location Exlstlnll · 
T!!JI M!!l! 81!!11!!! R01.11d : 

~ T.,..,.__ ! 
lsoconcentralions i 

Char! Map . 
3D VIsualization ' 
EGIS CD ' 
Other: 

E811matadHours Addltlonallnatructlona: 
Due Date 

Complete ETS Charge No. 
: --Statlallca: -aves 

Esllrnatad Hours Addltlonallnatructlon8: 
Due Data 

Complste ETS Charge No. : - --Gaoslatlatlca: .L! Vas 
EsUmated Hours Addl1lonallnstrue!lons: 
Due Data 

Completa ETS Charge No. 

: 
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Equipment blank: The equipment blank shall include the pump and the pump's tubing. If tubing 
is dedicated to the well, the equipment blank needs only to include the pump in subsequent 
sampling rounds. If the pump and tubing are dedicated to the well, the equipment blank is 
collected prior to its placement in the well. If the pump and tubing will be used to sample 
multiple wells, the equipment bl~ is normally collected after sampling from contaminated 
wells and not after background wells. 

Field. duplicates: Field duplicates are-collected to determine precision of the sampling procedure. 
For this procedure, coHect duplicate for .each analyte group in consecutive order (VOC original, 
VOC duplicate2 SVOC original, SVOC duplicate, etc.). 

Indicator field parameters: This SOP uses field measurements of turbidity, dissolved oxygen, 
specific.conductance, temperature, pH, and oxidation/reduction potential (ORP) as indicators of 
when purging operations are sufficient and sample collection may begin. 

Matrix Spike/Matrix Spike Duplicates: Used by the laboratory in its quality assurance program. 
Consulfthe laboratory for the sample volume to be collected. 

Poteniometric Surface: The level to which water rises in a tightly cased well constructed in a 
confined aquifer. In an unconfined aquifer, the potentiometric surface is the wa,ter table. 

OAPP: Quality Assurance Project Plan 

SAP: Sampling and Analysis Plan' 

SOP: Standard operating procedure 

Stabilization: A condition that is achieved when all indicator field parameter measurements are 
sufficiently stable (as descriQed in the "Monitoring Indicator Field Parameters" section) to allow 
sample collection to begin. 

Temperature blank: A temperature blank is added to each sample cooler. The blank is 
measured upon receipt at the laboratory to assess whether the samples were properly cooled 
during transit. · 

Trip blank CVOCs): Trip, blank is a sample of analyte-free water taken to the sampling site and 
returned to the laboratory. The trip blanks (one pair) are added to each sample cooler that 
contains VOC samples. · · 
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The goa~ of this groundwater sampling procedure is to collect water samples that reflect the 
total mobile organic and inorganic loads-(dissolved and colloidal sized fractions) · 
transported thro.ugh ~e subsurface under ambient flow conditions, with minimal physical 
and chelilical alterations from sampling operations. This standard operating procedure 
(SOP) for collecting groundwater samples will help ensure that the project's data quality 
objectiv~s (DQOs) are met under certain low-flow conditions. 

The SOP emphasizes the need to minimize hydraulic sttess at the well-:aquifer interface by 
maintaining low water-level drawdowns, and by using low pumping rates during purging . 
and sampling operations. Indicator field parameters (e.g., dissolved oxygen, pH, etc.) are 

" monitored during pi.rrging in order to determine when sample collection may begin. 
Samples:properly.collected using this SOP ar~ suitable for analysis of groundwater 
contaminants (volatile-and semi-volatile organic analytes, dissolved gases, pesticides, 
PCBs, metals and other inorganics), or naturally occurring analytes. This SOP is based on 
Puls, and Barcelona (199.6). 

This procedure is desitined for monitoring wells with an inside diameter (1.5-inches or 
greater) that can accommodate .a positive lift pump with a screen length or open interval 
ten feet or less and with a water level above the top of the screen or open interval 
(Hereafter, the "screen or open interval" will be referred to only as "screen interval"). This 
SOP is J1ot applicable to other well-sampling conditions. 

While the use ofdedicated·sampling equipment is riot mandatory, dedicated pumps and 
tubing dm reduce sampling costs significantly by streamlining sampl~g activities and 
thereby teducing the overall field costs-. 

The goal of this procedure is to emphasize the need for consistency in deploying and 
operating equipment while purging and sampling monitoring wells during each sampling 
event. This will help to minimize sampling variability. 

! . 

This protedure describes a general framework for groundwater sampling. Other site 
specific ~nformation (hydrogeological context, conceptual site model (CSM), DQOs, etc.) -
coupled with systematic planning must be added to the procedure in order to develop an 
approprikte site specific SAP/QAPP. In. addition, the site specific SAP/QAPP must 
identify the specific ·equipment that will be used to _collect the groundwater samples. . 

This Procedure does not address the collection of water or free product samples from wells 
containitig free phase LNAPLs-andlor DNAPLs _(light or dense non-aqueous phase 



EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP 
Revision Number: 3 
Date: July 30, 1996 

Revised: January 19,2010 
Page 6of30 

liquids). For this type of situation, the reader may wish to check: Cohen, and Mercer 
(1993) or other pertinent documents.-

This SOP is to be u~ed when collecting groundwater samples from monitoring wells at all · 
Superfund, Federal Facility and RCRA -sites in Region 1 under the conditions described 
herein. Request for modification of this SOP, in order to better address specific situations 
_at individual wells, must include adequate technical justification for proposed; changes. All 
changes and modifications must be approved and included in a revised SAP/OAPP before 
implementation in field. 

BACKGROUND FORJMPLEMENTATION 

It is expected that ihe monitoring well screen has been properly located (both laterally and 
vertically) to intercept existing contaminant plume(s) or along flow paths of potential 
contaminant migration. Problems with inappropriate monitoring well placement or 
faulty/improper well installation cannot be overcome by even the best water sampling 
procedures. This SOP presumes that the analytes of interest are moving (or will potentially 
move) primarily through the more permeable zones intercepted by the screen interval. 

Proper well construction, development, and operation and maintenance canrtot be 
overemphasized. ']Jle use of installation techniques that are appropriate to the 
hydrogeologic setting of the site often .prevent "problem well" situations from occurring. 
During well development, or redevelopment, tests should be conducted ·to determine the 
hydraulic characteristics of the ll)onitoring well. The data can then be used to set the 
purging/sampling rate, and provid~ a baseline for evaluating changes in well performance 
and the potential need for well reh.B.bilitation. Note: if this -installation data or well history 
(construction and sampling) is not available or discoverable, for all wells to be sampled, 
efforts to build a sampling history should commence with the next sampling event. 

The pump intake should be located within the screen interval and at a depth that will 
r.emain under water at all times. It is recommended that the intake depth and pumping rate 
remain the same f9r all sampling events. The mid-point or the lowe8t historical midpoint of 
the saturated screen length is often used as the location of the pump intake. For new wells, 
or for wells without pump intake depth information, the site's SAP/QAPP must provide 
clear reasons and instructions on how the pump intake depth( s) will be selected, and 
rea5on(s) for the depth(s) selected. If the depths to top and bottom of the well screen are 
not known, the SAP/QAPP will need to describe how the sampling depth will be 
determined and how the data can be used. 

Stabilization of indicator field parameters is used to indicate that conditions are suitable for 
sampling to begin. Achievement of turbidity levels of less than 5 NTU, and stable 
drawdowns of less than 0.3 feet, while de~irable, are no~ mandatory. Sample collection 
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niay still take place-provided the indicator field parameter criteria in this procedure are 
met. If ~er 2 hours of purging indicator field parameters have not stabilized, one of three 
optional -courses of action xp.ay be taken: a) continue purging until stabilization is 
achieveq, b) discontinue purging, do not collect any samples, and record in log book that · 
stabilizap.on could not be achieved (documentation must describe attempts to achieve 
stabilizaP.on), c) discontinue purging, collect samples and provide full explanation of 
attempts: to achieve stabilization (note: there is a risk that the an-alytical data obtained, 
especially metals and strongly hydrophobic organic analytes, may refl¢ct a sampling bias 
and therefore, the data may not meet the data quality objectives of the sampling' event). 

It is recommended that low-flow sampling be conducted when the air temperature is above 
32°F (O~C). If the procedure is used below 32°F; special precautions will need to be taken 

- to prevent the groundwater from freezing in the equipment. Because sampling during . 
freezing temperatures may adversely impact the data quality objectives, the need for water 
sample collection during months when these conditions are likely to occur should be 
evaluated during site planrung and special sampling measures may need to be developed. 
Ice fonn·ation in the flow-through-cell will cause the monitoring probes to act erratically. 
A transparent flow-through-cell needs to be used to observe if ice is forming in the cell. If 
ice starts to form on the other pieces of the sampling equipment, additional problems may . 
occur. 

HEALTH & SAFETY 
: 

When wprking on-site, ·comply with ail applicable OSHA requirements and the site's 
health/s~ety procedures. All proper personal protection clothing and equipment are to be 
worn. Some samples may contain biological and chemical hazards. These samples should 
be handled with suitable protection to skin, eyes, etc. 

CAUTIONS 

Th~ follQwing cautions need to be considered when planning to collect groundwater 
samples _when the below conditions occur. · 

If the ~undwater degasses during purging of the monitoring well, dissolved_ gases and 
VOCs will be lost. When ~s happens, the groundwater -data for dissolved gases (e.g., 
methane; ethene, ethane, dissolved· oxygen, etc.) and VOCs will need to be qualified. 
Some conditions that can promote degassing are the JlSe of a vacuum pump (e.g., peristaltic 
pumps), _changes in aperture along the sampling tubing, and squeezing/pinching the 
pump's tubing which results in a pressure change. 

When CQllecting the samples for dissolved gases -and VOCs analyses, avoid aerating the 
groundwater in the pump's tubing. This can cause loss of the dissolved gases and VOCs in 
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the groundwater. Having the pump's tubing completely filled prior to sampling will avoid 
this problem when·using a centrifugal pump or peristaltic pump. 

Direct sun light and hot ambient air temperatures may cause the groundwater in th~ tubing 
and flow-through-cell to heat up. This may cause the groundwater to degas which'will 
result in loss ofVOCs and dissolved gases. When sampling under these conditions, the 
sampler will need to sh~e the equipment from the sunlight (e.g., umbrella, tent, etc.). If 
possible, sampling on hot days, or during the hottest time of the day, should be avoided. 
The tubing exiting the monitoring well should be kept as short as possible to avoid' the sun 
light or ambient air from heating up the groundwater. 

Thermal currents In the monitoring well may cause vertical mixing of water in the .well 
bore. When the air temperature is colder than the groundwater temperature, it can .cool the 
top of the water column. Colder water which is denser than warm water sinks to tbe 
bottom of the well and the warmer water at the bottom of.the well rises, setting up 'a 
convention cell. ''During low-flow sampling, the pumped water may be a mixture of 
convecting water. from within the well casing and aquifer water moving inward,through the 
screen. This miXing of water during low-flow sampling can substantially increase . 
equilibration times, can cause false stabiliz.ation of indicator parameters, can give false 
indication of redox state, and can provide biological data that are not representative of the 
aquifer conditions" (Vroblesky 2007). · 

Failure to calibrate or perform proper maintenance on the sampling equipment and 
measurement instruments (e.g., dissolved oxygen meter, etc.) can result in faulty data 
~eing collected. 

Interferences may result from usmg contaminated equipment, cleaning materials, sample 
containers, or uncontrolled ambient/surrounding air conditions (e.g., truck/vehicle exhaust 
nearby). 

Cross contamination problems can be eliminated or minimized through the use of · 
dedicated sampling equipment and/or proper planning to avoid ambient air interferences. 
Note that the use of dedicated sampling equipment can also significantly reduce the time 
needed to complete each sampling event, will promote consistency in the sampling, and 
may reduce-sampling bias by having the pump's intake at a constant depth. · 

Cle~ and decontaminate all sampling equipment prior to use. All s~pling equipment 
needs to be routinely checked to be free from contaminants and equipment blanks collected 

· to ensure that the equipment is free of contamin!lllts. Check the previous equipment blank 
data for the site (ifthey exist) to determine if the previous cleaning procedure removed the 
contaminants. If contaminants were detected and they are a concern, then a more vigorous 
cleaning procedure will be needed. 
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All field. samplers working at sites containing hazardous waste must meet the requirements 
of the OSHA regulations. OSHA regulations may require the sampler to take the 40 hour 
OSHA health and safety training course arid a refresher course prior to engaging in any 
field activities, depending upon the site and field conditions. ·. 

The field samplers must be trained prior to the use of the sampling equipment, field 
instruments, and procedures. Training is to -be .conducted by an experienced sampler 
before initiating any sampling procedure. · 

The entire sampling team needs to read, and be familiar with, the site Health and Safety 
Plan, all.relevant SOPs, and SAP/QAPP (and the most recent amendments) before going 
onsite for the sampling event. It is recommended that the field sampling leader attest to the 
understanding ofthese site documents· and that it is recorded. 

EQUIPMENT AND SUPPLIES . 

A. Informational materials for sampling event 

A copy Of the current Health and Safety Plan, SAP/QAPP, monitoring well construction 
data, location map(s), field data from last sampling event, manuals for sampling, and the 
monito~g instruments' operation. .m~tenance, and calibration manuals shoulq be 
brought to the site. 

B. Well keys. 

C. Extraction device 

Adjustable rate, submersible pumps (e.g., centrifugal, bladder, etc.) which are co~structed 
of stainless steel or Teflon are preferred. Note: if extraction device~ constructed of other 
material~ are to be used, adequate information must be provided to show that the 
substitut~d materials do not leach contami.Iiants nor cause interferences to the analytical. 
procedures to be used. Acceptance of these materials mus~ be .obtained before the 
sampling event. · 
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Ifbladder pumps are selected for the collection ofVOCs and dissolved ga$eS, the pump 
s·ettmg should be set so that ~ne -pulse will deliver a water volume that is sufficient to 
fill a 40 mL VOC vial. This is not mandatory, but is considered a ''best practice". For the 
proper operation, the bladder pump will need a minimum amount of water above the 
pump; consult the manufacturer for the recommended submergence. The pump's : 
recommended submergence value should be determined during the planning stage; since it 
may influence well construction and placement of dedicated pumps where water-level 
fluctuations are s_ignificant. · 

Adjustable rate, peristaltic pump~ (suction) are.to be used with caution when collecting 
samples for VOCs and dissolved gases (e.g., methane, carbon dioxide, etc.) analyses. 
Additional information on the use of peristaltic pumps can be found in Appendix A. 
If peristaltic pumps are used, the fnside diameter of the rotor head tubing needs to match 
the inside diameter of the tubing installed in the monitoring well. 

Inertial pumping. devices (motor driven or manual) are not recommended. 'These devices 
frequently. cause greater disturbance during purging and sampling, and are less easily 
controlled than submersible pumps (potentially increasing turbidity and sampling ' 
variability, etc.). This can lead to sampling results that are adversely affected by pirrging 
and samplfug operations, atid a higher degree of_ data variability. · 

D. Tubing 

Teflon or Teflon-lined polyethylene tubing are ·preferred when sampling is to include 
VOCs, SVOCs, pesticides, PCBs and inorganics. Note: if tubing constructed of other 
materials is to be used, adequate information must be provided to show that the substituted 
materials do not leach contaminants nor cause interferences to the analytical procedures to 
be used. Acceptance of these materials must be obtained before the sampling event. 

PVC, polypropylene or polyethylene tubing I:llay be used when collecting samples for 
me~l and other inorganics analyses. 

The use of 114 inch or 3/8 inch (inside diameter) tubing is recoinmended. This will help 
ensure that the tubing remains liquid filled when operating at very low pumping rates when 
using centrifuga~ and peristaltic pumps. 

Silastic tubing should be used for the section around the rotor head of a peristaltic pump. 
It should be less than a foot in length. The inside diameter of the tubing used at the pump 
rotor head must be the same as the inside diameter of tubing placed in the well. A tubing 
connector is used to connect the pump rotor head tubing to the :well tubing. Alternatively, 
the two pieces of tubing can be connected to each other by placing the one end of the 
tubing inside the end or'the other ~bing. The tubing must not be reused. 
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'Electronic "tape", pressure transducer, water level sounder/level indicator, etc. should be 
capa,ble of measuring to 0.01 foot accuracy. Recording pressure transducers, mounted . . 
above the pump, are especially helpful in tracking water levels during pumping operations, 
but their: use must include check measurements with a _wa~er level "tape" at the start and 
end of each sampling event. 

F. Flow measurement supplies 

Graduated cylinder (size according to flow rate) and stopwatch usually will suffice. 

Large graduated bucket used to record total water purged from the well. 

G. Interface probe 

To be used to check on the presence of free phase liquids (LNAPL, or DNAPL) before 
purging begins (as needed). · 

H. Power·s·ource (generator, nitrogen tank, battery, etc.) 

When a gasoline generator is used, locate it downwind and at least 30 feet from the well so 
that th.e exhaust fumes do not contaminate samples. 

1; Indicator field parameter monitoring instruments 

Use of a multi-parameter instrument capable of measuring pH, oxidation/reduction 
potential (ORP), dissolved -oxygen (DO), specific conductance, temperature, and coupled 
with a flow-through-cell is required when measuring all indicator field parameters, except 

· turbidity. Turbidity is collected using a separate instrument. Record equipq1ent/instrument 
identification (manufacturer, and model ~umber). 

Transparent, small volume flow-through-cells (e.g., 250 mLs or less) are preferred. This 
allows o~servation of~ bubbles and sediment buildup in the cell, which can interfere with 
the operation of the monitoring instrument probes; to be easily detected. A small volume 
cell facilitates rapid turnover of water in the cell betWeen measurements of the indicator· 
field parfUI1eters. 
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It is recommended to use a flow-through-cell and monitoring probes from the same 
manufacturer and model to avoid incompatibility between the probes and flow-through­
cell. 

Turbidity samples are collected before the flow-through-cell. A "T" connector coupled 
with a valve is connected between the pump's tubing and flow-through-cell. When a 
turbidity measurement is required, the valve is opened to allow the groundwater to flow 
into a container. The valve is dosed and the container sample is then placed in the 
turbidimeter. 

Standards are necessary to perform field calibration of instruments. A minimum of two 
standards are needed to bracket the instrument measurement range for all parameters· 
except ORP which use a Zobell solution as a standard. For dissolved oxygen, a wet . 
sponge used for the 100% sa~tion and a zero dissolved oxygen solution are used for the 
calibration. · · 

Barometer (used in the calibration of the Dissolved Oxygen probe) and the conversion 
formula to convert the barometric pressure into the units of measure used by the Dissolved 
.Oxygen meter are needed. 

J. Decontamination supplies 

Includes (for example) non-phosphate detergent, distilled/deionized water, isopropyl 
alcohol, etc. 

K : Record keeping supplies 

Logbook(s), well purging forms, chain-of-custody forms, field instrument calibration 
forms, etc. 

L. Sample bottles 

M. Sample preservation supplies (as required by the analytical methods) 

~· Sample tags or labels 

0. PID or FID instrument 

If appropriate, to detect VOCs for health and s~ety purposes, and provide qualitative field 
evaluations. 
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Equipment to keep the sampling apparatus shaded in the·summer (e.g., umbrella) and from 
freezing ·in the winter. If the pump's tubing is allowed to heat up in the warm weather, the 
cold groundwater may degas as it is warined in the tubing. . 

EQUIPMENT!INSTRUMENT CALffiRATION 

· Prior to the sampling event, perform maintenance checks on the equipment and 
instruments according to the manufacturer's manual and/or applicable SOP. This will 
ensure that the equipment/instruments are working properly before they are used in the 
field. 

Prior to sampling, t4e monitoring instruments must be calibrated and the calibration 
documented. The instruments are calibrated Using U.S Environmental Protection Agency 
Region 1 Calibration of Field Instruments (temperature, pH, dissolved oxyge_n, 
conductivity/specific condr:tctance, oxidation/reduction. [ORP], and turbidity), January 19, 
2010, orlatest _version or from one ofthe methods listed in 40CFR136, 40CFR141 and 
SW-846. 

The inst;ruments shall be calibrated at the beginning of each day. If the .field measurement 
falls out$ide the calibration range, the instrument must be re-calibrated so that all 
measurements. fall within the calibration range. At the end of each day, a calibration check 
is performed to verify that instruments remained in calibration throughout the day. This 

. check is :performed while the instrument is in measurement mode, not calibration mode. If 
the field,instruments are being used to monitor the natural attenuation parameters, then a . 
calibration check at ~d-day is highly recommended to ensure that the instruments .did not 
drift Qut of calibration. Note: during the day if the instrument reads z~ro or a negative · 
number for dissolved oxygen, pH, specific conductance, or turbidity (negative value only), 
this indibates that the instrument drifted out of calibration or the instrument is 
malfunctioning. If this situation occurs the data from this ins~ent Will need to be 
qualified or rejected. 

PRELI~NARY SITE ACTIVITIES (as applicable) 

Check the well for security (damage, evidence oftampering, missing lock, etc.) and record 
pertinent observations (include photograph as warranted) . 

. If needed lay out sheet of clean polyethylene for monitoring and sampling equipment, 
unless equipment is elevated above the ground (e.g., on a table; etc.). 



EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP · 
Revision Number: 3 
Date: July 30, 1996 

Revised: January 1~, 2010 
Page 14 of30 

Remove well cap and if appropriate measure VOCs at the rim of the well with a PID or 
-FID instrum~nt and record reading in field logbook or on the well purge form. · 

If the well casing does not have an established reference point (usually a V -cut or ipdelible 
mark in the well casing), make one. Describe its location and record the date of the mark 
in the logbook (consider a photogiaphic record as well). All water level measurements 
must be recorded relative to this reference point (and the altitude of this point should he 
. determined using techniques that .are appropriate to site's DQOs. 

If water-table or potentiometric surface map(s) are to be constructed for the sampling 
event, perform synoptic water level measurement round (in the shortest possible tiine) 
befor~ any purging and sampling activities begin. If possible, measure water level,depth 
(to 0.01 ft.) and total well depth (to 0.1 ft.) the day before sampling begins, in order to 
allow for re-settlement of any particulates in the water column. This is especially 
important for those wells that have not been recently sampled because sediment buildup in 
the well may require the well to be redeveloped. If measurement of total well depth is not 
made the day before, it should be measured after sampling ofthe well is complete. All 
measurements must be' taken from the established referenced point. Care should be taken 
to minimize water column distl;trbance. 

Check newly constructed wells for the presence of LNAPLs or DNAPLs before the initial 
sampling round. If none are encountered, subsequent check measurements with an 
interface probe may not be necessary unless analytical data or field analysis signal-a 
worsening situation. This SOP cannot be used in the presence of LNAPLs or DNAPLs. If 
NAPLs are present, the project team must decide upon an alternate sampling method. All 

-project modifications must be approved and documented prior to. implementation. 

If available check intake depth and drawdown information from previous sampling 
event(s) for each well. Duplicate, to the extent practicable, the mtake depth and extraction 
rate (use fmal pump dial setting information) from previous event(s). If changes are made · 
in the intake depth or extraction rate(s) used during previous sampling event(s), for either 
portable or dedicated extraction devices, record new values, and explain reasons for the 
changes in the field logbook. 

PURGING AND SAMPLING PROCEDURE 

P~ging and sampling wells in order of increasing chemical concentrations (known or 
anticipated) are preferred. 

The use of dedicated pumps is recommended to ·minimize artificial mobilization and 
entrainment of particulates each time the well is sampled. Note that the use of dedicated. 
sampling equipment can also significantly reduce the time needed to complete each 
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sampling event, will promote consistency in the sampling, and may reduce sampling bias 
by having the pump's intake at a constant depth. -

A. Initial Water Level 

Measure the water level in the well before installing the pump if a non..,dedicated pump is 
being us¢d. The initial water level is recorded on the purge form ?r in. the field logbook. 

·B. Install Pump 

Lower pump, safety cable, tubing and electrical lines slowly (to minimize disturbance) into 
the well to the appr9priate depth (may not be the mid-pointofthe·screenlopen interval). 
'IJle Sampling and Analysis Plan/Quality Assurance Project Plan should specify the 
Sampling depth (used previously), or provide -criteria for selection ofintake depth for each 
11ew well. If possible keep the pump intake at least two feet above the bottom of the well, 
to minimize mobilization of particulates present in the bottom of the well. -

Pump tubing lengths, above the top of well casing should be kept ;;tS short as possible to 
minimize heating the groundwater in the tubing by ·exposure to sun light and ambient air 

·· temperatures. Heating may cause the gtoundwater to degas, which is unacceptable for the 
collection of samples for VOC and dissolved gases analyses. 

C. Measure Water Level 

Before starting pump, measure water level. Install recording pressure transducer-, if used to 
tra~k drawdowns, to initialize starting condition. · · 

D. Purg~ Well 

. From the time the pump starts purging and until the time the samples are collected, the 
purged water is discharg~d into a graduated buc{(et to determine the total volume of . 
groundwater purged. This information is. recorded on the purge _form or in the field 
logbook~ · · · 

Start the:pump at low speed and slowly increase the speed until discharge occurs. Check 
water level. Check equipment for water leaks and if present fix or replace the affected 
equipment.· Try to match pumping rate used during previous sampling event(s). 
Otherwise, adjust p~p speed until there is little or no water level drawdown. If the 
minima( drawdown that can be achiev:ed exceeds 0.3 feet, but remains stable, continue 
purging. 
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Monitor and record the water level and pumping rate every five. minutes (or as app~opriate) 
quring purging. Record any pumping rate adjustments (both time and flow rate). Pumping 
rates should, as needed, be reduced to the minimum c1,1pabilities of the pump to ensure 
stabilization of the water level. Adjustments are best made in the first. fifteen min~tes of . 
pumping in order to help minimize purging time. During pump start-up, drawdown may 
exceed the 0.3 feet target and then "recover" somewhat as pump flow adjustments are 
made. Purge volume calc:ulations should utilize stabilized drawdown value, not th~ initial · 
drawdown. If the initial water level is above the top ofthe screen do not allow the water 
level to fall into the well screen. The final purge volume must be greater than the ' 
stabilized drawdown volume plus the pump's tubing volume .. If the drawdovm hruj 
exceeded 0.3 feet and stabilizes, calculate the volume of water between'the initial water 
level and the stabilized water level. Add the volume of the water which occupies .the 
pump's tubing to this calculation. 1bis combined volume of water needs to be purged 
from the well after the water level has stabilized before samples are collected. 

Avpid the use of constriction devices on the tubing to decrease the flow rate because the 
constrictor will cause a pressure difference in the water column. This will cause the 
groundwater to degas and result in a loss ofVOCs and dissolved gasses in the groundwater 
samples. 

. ' 

Note: the flow rate used to achieve a stable pumping level should r~main constant while 
monitoring the indicator parameters for stabilization arid while colle~ting the samples. 

Wells with low recharge rates may require the use of special pumps capable of attaining 
very low pump~g rates (e.g., l?ladder, peristaltic),' and! or the use of dedicated equipment. 
For new monitoring ,wells, or wells where the following situation has not occurred before, 
if the recovery rate to the well is less than 50 mUmin., or the well is being essentially 
dewatered. during purging, the well should be sampled as soon as the water-level h~ 
recovered sufficiently to collect the volume needed for all anticipated samples. The project 
manager or field team leader will need to make the decision when samples should be 
collected, how. the sample is to be collected, and the reasons recorded on the purge form or 
in the field logboo}(. A water level measurement needs to be performed artd recorqed 
before samples are collected. If the project manager decides to collect the samples using 
the pump, it is best during this recovery period that the pump intake tubing not be · 
removed, since this will aggravate any turbidity problems. Samples in this specific 
situation may be collected withput stabilization of indicator field parameters. Note that 
field conditions and efforts to overcome problematic situations must be recorded in order 
to support field decisions to deviate from normal procedUres described in this soP:. If this 
type of problematic situation persists in a well, then water sample collection should be 
changed to a passive or no-purge method, if consistent with the site's DQOs, or have a new 
well installed. · 
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After the water level has stabilized, connect the ''T" connector with a valve and the flow­
_through-'cell to monitor the indicator field parameters. If excessive turbidity is anticipated 
or encountered with the pump startup, the well may be purged for a while without 
connecting up the flow-through-cell, in order to minimize particulate buil4up in the.cell . 
(This is a judgment call made by the sampler). Water level drawdown measurements 
should be made as usual. If possible, the pump may be instalied the day before ·purging to 
~low particulates that were disturbed during pump insertion to settle. 

During ~ell purging, monitor indicator field parameters (turbidity, temperature, specific 
conductance, pH, ORP, DO) at a frequency of five minute intervals or greater. The pump's 
flow rate must be able to ''turn ove(' at least one flow-through-cell volume between · 
measurements (for a 250 mL flow-through-cell with a flow rate of 50 mLs/min., the 
monitoring frequency would be every five minutes; for a 500 mL flow-through-cell it 
would be every ten minutes). If the cell volume cannot be replaced in the five minute 
interval, then the time between measurements must be increas~d accordingly. Note: during 
the ·early phase of purging emphaSis should be put on minimizing and stabilizing pumping 
stress, and recording those adjustments followed by stabilization of indicator parameters. 
Purging is considered complete and sampling may begin when all the above indicator field 
parameters have stabilized. Stabilization is considered to be achieved when three · 
consecu~ve readings are within the following limits: 

Turbidity (10% for values greater than 5 NTU; if three Turbidity values are less 
. than 5 NTU, cons~der the values as stabilized), 

Dissolved Oxygen (1 0% for values greater than 0.5 mg/L, if three Dissolved 
Oxygen values are less than 0.5 mg/L, consider the values as 
stabilized), 

Specific Conductance (3%), 
Temperature (3%), 
pH(± 0.1 unit), · 
Oxidation/Reduction Potential(± 10 millivolts). 

All meaSurements, except turbidity, must be obtained using a flow-through-cell. Samples 
for turbidity measurements are obtained before water enters the flow-through-cell. 
Transparent flow-through-cells· are preferred, because they allow field personnel to watch 
for particulate build-up within the cell. This build-up may affect indicator field parameter 
values measured within the cell. If the cell .needs to be cleaned during purging operations,' 
continue pumping and disconnect cell for cleaning, then reconnect after cleaning and 
continue monitoring activities. Record stan: and stop times and give a brief description of 
cleaning activities. 
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The flow-through-cell must be designed 1n a way that prevents gas bubble entrapment in 
the cell. Placing the flow-through-cell at a 45 degree angle with the port facing upward can 
help remove bubbles from the flow-through-cell (see Appendix B Low-Flow Setup 
·Diagram) . . All during the measurement process, the flow-through-cell must remairi free of 
any gas bubbles. Otherwise, the monitoring probes may act erratically. When the pump is 
turned off or cycling on/off (when using a pladder pump), water in the cell must not drain 
out. Monitoring probes must remain submerged in water at all times. 

F. Collect Water Samples 

When samples are collected for laboratory analyses, the pump's tubing is disconnepted 
from the "T" connector with a valve and the flow-through-cell. The samples are collected 
directly from the pump's tubing: Samples must notbe collected from the flow-through-cell 
or from the ''T" connector with a valve. 

VOC samples are normally collected· first and directly into pre-preserved sample 
containers. However, this may not be the case for all sampling locations; the SAP/QAPP 

·should list the order in which the samples are to be collected based on the project's 
objective(s). Fill all sample containers by allowing the pump discharge to flow gently 
down the inside of the container with minimal turbulence. 

If the pump's flow rate is too high to c~llect the VOC/dissolved gases samples, collect the 
other samples first. Lower the pump's flow rate to a reasonable rate and collect the 
VOC/dissolved gases samples and record the.new flow rate. 

During purging and sampling, the centrifugal/peristaltic pump tubing must remain filled 
with water to avoid aeration of the groundwater. It is recommended that 1 I 4 inch or 3/8 
4J.ch (inside diameter) tubing be used to help insure that the sample tubing remains water 
filled. If the pump tubing is not completely filled-to the sampling point, use the following 
procedure to collect samples: collect non-VOC/dissolved gases samples first, then increase 
flow rate slightly until the water completely fills the tubing, collect the VOC/disso~ved 
gases samples, and record new drawdown depth and flow rate. · 

For bladder pumps that will be used to collect VOC or dissolved gas samples, it is 
reco~ended that the pump be set to deliver long pulses of water so that one pulse ~ill fill 
a 40 mL VOC vial. · 

Use pre-preserved sample containers or add preservative, as required by analytical 
:methods, to the samples immediately after they are collected. Check the analyrlcaLmethods 
(e.g. EPA SW-846, 40 CFR 136, water supply, etc.) for additional information on . 
preservation. 
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If determination of filtered metal concentrations is a .sampling objective, collect filtered 
water samples using the same low flow procedures. The use of an in-line filter (transparent 
housing preferred) is required, and the filter size (0.45 11-m is commonly used) should be 
based on the sampling objective. Pre-rinse the filter with groundwater prior to sample 
collection. Make sure the filter is free of air bubbles before samples are collected. 
Preserve. the filtered water sample 4nm.ediately. Note: filter~ water samples are not an 
acceptable substitute for unfiltered samples when the monitoring objective is to obtain 
chemical concentrations of total mobile contaminants in groundwater for human health or 
ecological risk calculations. 

Label each sample as collected. Samples requiring cooling will be placed into a cooler 
·with ice or refrigerant for delivery to the laboratory. Metal samples after acidification to a 
p~ less than 2 do not need to be cooled. 

G. Post Sampling Activities 

If a recording pres~ure transducer is used to track drawdown, re-measure water level with 
tape. 

After collection of samples, the pump tubing may be dedicated to the well for re-sampling 
(by hanging the tubing inside the well), decontaminated, or properly discarded. · 

Before securing the well, measure and record the well depth (to 0.1 ft.), if not measured the 
day before purging began. Note: measurement of total well depth annually is usually 
sufficient after the initial low stress sampling event. However, a gre8,ter frequency may be 
.needed if the well has a "silting" problem or if confirmation of well identity is needed. 

Secure the well. 

DECONTAMINATION 

Decontaminate sampling equipment prior to use in the first well and then follo~ng 
sampling of each well. Pumps should not be removed between purging and sampling 
operatio~s. The pump, :tubing, support cable and electrical wires which were in contact 
with the ·w~ll should be decontaminated by one of the procedures listed below. 

The use pf dedicated pumps and tubing will reduce the amount oftime spent on 
decontamination of the equipment. If dedicated pumps and tubing are· used, only the initial 
sampling event will require decontamination of the pump and tubing. 
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Note if the previous equipment blank data showed that contaminilllt(s) were present after 
using the below procedure or the Qne described in the SAP/QAPP, a more vigoro~ 
procedure may be needed. · 

Procedure 1 

Oecontaminating solutions can be pumped from either buckets or short PVC casing 
sections through the pump and tubing. The pump may be disassembled and flushed with 
the decontaminating solutions. It is recommended that detergent and alcohoJ be used - . 
sparingly in the decontamination pro·cess and water flushing steps be extended to ensure 
that any sediment trapped in the pump is removed. The pump exterior and electrical wires 

. must be rinsed with the decontaminating solutions, as well. The procedure is as follows: 

Flush the equipment/pump with potable water. 

Flush with non-phosphate detergent solution. If the solution is recycled, the soluti~>n must 
be changed periodically. · 

Flush with. potable or distilled/deionized water to remove all of the detergent solution. If 
the water is recycled, the water must be changed periodically.-

Optional - flush with.isopropyl alcohol (pesticide grade; must be free of ketones {e.g., 
acetone}) or with methanol. This step may be required if the well is highly contaminated or 
if the equipment blank data from the previous sampling event show that the level of 
contaminants is significant. 

Flush with distilled/deionized water. This step must remove all traces of alcohol (if used) 
from the equipment. The final water rinse must not be recycled. 

Procedure 2 

Steam clean the outside of the submersible pump . . 

Pump hot potable water from the steam. cleaner through _tl).e inside of the pump. This can 
be accomplished by placing the pump inside a three or four inch diameter PVC pipe with 
end cap. Hot water from the steam cleaner jet will be directed inside the PVC pipe anq the 
pump exterior will be cleaned. The hot water from the steam cleaner will then be pumped 
~om the PVC pipe through the p~p and collected into another-container. Note: additive_s 
or solutions should not be added to the steam cleaner. 

·Pump non-phosphate detergent solution through the ins~de of the pump. If the solution is 
recycled, the solution must be changed peP,odically. 
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Pump potable water through the inside of the pump tc;> remove all of the detergent solution. 
If the solution is recycled~ the solution must be changed periodically. 

Pump distilled/deionized water through the pump . . The final water rinse must not be 
recycled. 

FIELD QUALITY CONTROL 

Quality control samples are required to verify that the sample collection and handling 
process has not compromised the quality of the groundwater samples. All field quality 
control samples must be prepared the same as regular investigation samples with regard to 
sample volume, containers, and preservation. Quality control samples include field 
duplicates, equipment blanks, matrix spike/matrix spike duplicates, trip blanks (VOCs), 
and temperature blanks. 

FIELD LOGBOOK 

A field log shall be kept to document all groundwater field monitoring activities (see 
Appendix C, example t~ble), and record the following for each well: 

Site name, m~cipality, state. 

Well ide~tifier, latitude-longitude or state grid coordinates. 

Measuring poin~ description (e.g., north side of PVC pipe). 

Well depth, and measurement technique. 

Well screen length. 

Pump depth. 

S~tic water level depth, date, time and measurement technique. 

Presence and thickness of immiscible liquid (NAPL) layers and detection method. 

Pumping rate, drawdown, indicator parameters values, calculated or measured total volume 
pumped,. and clock time of each set of measurements. 

TyPe oftubing used and its length. 



Type of pump used. 

Clock time ofstart.and end ofpurging and sampling activity. 
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Types of sample bottles used and sample identification numbers. · 

Preservatives used. 

Parameters requested for analyses. 

Field observations during sampling event. 

Name of sample collector(s). 

Weather conditions, including approximate ambient air .temperature. 

QA/QC data for field instruments. 

Any problems encountered should be highlighted. 

Description of all samplinglmonitoring equipment used, including trade names, model 
n~ber, instrument identification number, diameters, material composition, etc. 

DATA REPORT 

Data reports are to include laboratory analytical results, QA/QC information, field 
indicator parameters measured during purging, field instrument calibration information, 
and whatever other field logbook information is needed to allow for a full evaluation of 
data usability. 

Note: the use of trade, product, or firm nam~s in this sampling procedure is for descriptiye 
pm:poses only and does not constitute endorsement by the U.S. EPA. · 
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Before selecting a peristaltic pump to collect groundwater samples for VOCs anc:ilor 
dissolved gases (e.g., methane, carbon dioxide, etc.) consideration should be given. to the 
following: 

• The decision of whether or not to use a peristaltic pump is dependent on the 
intended use ofthe data. 

· • If the additional sampling error that may be introduced by this device is NOT of 
concern for the VOC/dissolved gaSes rui.ta's intended use, then this device may be 
acceptable. . · · . 

• If minor differences in the groundwater concentrations could effect the dec~sion, 
such as to continue or terminate groundwater cleanup or whether the cleam~p goals 
have been reached, then this device should NOT be used for VOC/dissolved gases 
sampling. In these cases, centrifugal or bladder pumps are a better choice for more 
accurate results. · 

EPA and USGS have documented their concerns with the use of the peristaltic pumps to 
collect-water sample in the below documents. 

• 

• 

• 

• 

"Suction Pumps are not recommended because they may cause degassing, pH 
modification, and loss of volatile compounds" A Compendium of Superfund Field 
Operations Methods, EPA/540/P-87/001, December 1987. · 
''The agency does not recommend the use of peristaltic pumps to sample ground 
water particularly for volatile organic analytes" RCRA Ground-Waier Monitoring 
Draft Technical Guidance, EPA Office of Solid Waste, November 1992. 
"The peristaltic pump is limited to sh~low applications and can cause degassing 
resulting in alteration of pH, alkalinity, and volatiles loss", Low-flow (Minimal 
drawd_own) Ground-Water Sampling Procedures, by Robert Puis & Michael 
Barcelona, April1996, EPA/540/S-95/504. · 
"Suction-lift pumps, such as peristaltic pumps, can operate at a very low pumping 
rate; however, using negative pressure to lift the ·sample can result in the loss of · 
volatile analytes", USGS Book 9 Techniques of Water-Resources Investigation, 
Chapter A4. 01 ersion 2.0, 9/2006). · 
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SUMMARY OF SAMPLlNG INSTRUCTIONS 

These instructions are for using an adjustable rate, submersible pump or a peristaltic pump 
with the pump's intake placed at the midpoint of a 10 foot or less well screen or an open 
interval. ~e water level in the monitoring well is above the top of the well screen or op~n 
interval, the ambient temperature is above 32°F, and the equipment i~ not dedicated. Fiel4 
instruments are already calibrated. The equipment is setup according to the diagram at the 
end of these instructions. 

1. Review well installation information. Rec<>rd well depth, length of screen or open 
interval, and depth to top of the well screen. Determine the pump's intake depth (e.g., 
mid-point of screen/open interval). 

2. On the day of sampling, check security of the well casing, perform any safety checks 
needed for the site, lay out a sheet of polyethylene around the well (if necessary}, and setup 
the equipment. If necessary a canopy or an equivalent item can be setup to shade the 
pump's tubing and flow-thi-ough-cell from the sun light to prevent the sun light from 
heating the groundwater. 

3. Check .well casing for a reference mark. If missing, make a reference mark. Measure 
the water level (initial) to 0.01 ft. and record this information. 

4. Install the pump's intake to the appropriate depth (e.g., midpoint) of the well screen or 
open interval. Do not turn-on ~e pump at this time. · 

5. Measure water level and record this information. 

6. Turn-bn the pump and discharge the groundwater into a graduated waste bucket. Slowly 
iticrease the flow rate Wltil the water level starts to drop. Reduce the flow rate slightly so 
the water level stabilizes. Record the pump's settings. Calculate the flow rate using a 
graduat~ container and a stop watch. Record the flow rate. Do not let the water level <4'op 
below the top of the well screen. · 

If the groundwater is highly turbid or colored; contiD.ue to discharge the water into the 
bucket until the water clears (visual observation); this usually takes a few minutes. The 
t1J!bid or colored water is usually frqm the well being disturbed during the pump 
installation. If th<? water does not clear, then you need to make a choice whether to 

. continue purging the well (hoping that it will clear after a reasonable time) or continue to · 
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the next step. Note, it is sometimes helpful to install the pump the day before the sampling 
event so that the disturbed materials in the well can settle out. 

If the water level drops to the top of the well screen during the purging ofthe well~ ~top 
purging the well, and do the following: 

Wait for the well to recharge to a sufficient volume so samples can ~e collected. 
This may take awhile (pump maybe removed from well, if turbidity is not a 
problem). The project manager will need to make the decision when samples 
should be collected and the reasons recorded in the site's log book. A water level 
measurement needs to be performed and recorded before samples are collected .. 
When sample~ are being collected, the water level .must not drop below the top of 
th~ screen or open interval. Collect the samples from the pump's tubing. Always · 
collect the VOCs and dissolved gases samples first. Normally, the samples 
requiring a small volume are collected before the large yolume samples are. 
collected just in case there is not sufficient water in the well to fill all the sample 
containers. All s~ples must be collected, preserved, and stored according to the 
analytical method. Remove the pump fro~ the well and decontaminate the 
sampling equipment. 

If the water level has dropped 0.3 feet or less from the initial water level (water level 
measure before the pump was installed); proceed to Step 7. If the water level has dropped 
~ore than 0.3 feet, calculate the volume of water between the initial water level and the 
stabilized water level. Add the volume of the water which occupies the pump's tubing· to 
this calculation. This combined volume of water needs to be purged from the well after the 
water level has stabilized befor~ samples are be collected. 

7. Attach the pump'·s tubing to the "T" connector with a valve (or a three-way stop cock). 
The pump's tubing from the well casing to the "T" connector must be as short as possible 
to prevent the groundwater in the tubing from heating up from the sun. light or from the 
ambient air. Attach a short piece of tubing to the other end of the end of the "T" connector 
to serve as a sampling port for the turbidity samples. Attach the remaining end of the "T" 
connector to a short piece of tubing and connect .the tubing to the flow-through-cell bottom 
port. To the top port, attach a small piece of tubing to direct the water into a calibra~ed 
waste bucket. Fill the cell with the groundwater and remove all gas bubbles from the cell. 
Position the flow-through-cell in such a way that if gas bubbles enter the cell they 9an 
eas_ily exit the cell. If the ports are on the same side of the cell and the cell is cylindrical 
shape, the cell can be placed at a 45-degree angle with the ports facing upwards; this 
position should keep any gas bubbles entering the cell away from the monitoring probes 
and allow the gas bub~les to exit the cell easily (see Low-Flow Setup Diagram). Note, 
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make s~e there are no gas bubbles caught in the probes' protective guard; you may need to 
shake th~ cell to remove these bubbles. 

8. Turn-on the monitoring probes and turbidity meter. 

9. Record the temperature, pH, dissolved oxygen, specific conductance, and 
oxidation/reduction potential measurements. Open the valve on the "T" connector to 
collect a: sample for the turbidity measurement, close the valve, do the measurement, and 
record this measurement. Calculate the pump's flow rate. from the water exiting the flow­
through-cell using a graduated container and a stop watch, and record the measurement. 
Measure and record the water. level. Check flow-through-cell for: gas bubbles and 
sediment; if present, remove them. 

' . 
10. Repeat Step 9 every 5 minutes or as appropriate until monitoring parameters stabilized. 
Note at least one flow-through-cell volume must be ex_changed between readings. If not, 
the time interval between readings will need to be increased. Stabilization is achieved 
when three consecutive measurements are within the following limits: 

Turbidity (10% for values greater than 5 NTUs; ifthree Turbidity values are less 
than 5 NTUs, consider the values as stabilized), 

~issolv~d Oxygen (10% for values greater than 0.5 mgiL, if three Dissolved 
· Oxygen values are less than 0.5 mg/L, consider the values as 

stabilized), 
Specific Conductance· (3%), 
Temperature (3%), 
pH(± 0.1 unit), 
Oxidation/Reduction Potential ( ± 10 millivolts). 

If these ~tabilization requirements do not stabilize in ~ reasonable time, the probes may 
have been coated from the materials in the groundwater, from a buildup of sediment in the 
flow-thr~mgh-cell, or a gas bubble is lodged in $e probe. The cell and the probes will need 
to be cleaned. Tum-off the probes (not the pump), disconnect the cell from the "T" 
connectqr and continue to purge the well. Disassemble the cell, remove the sediment, and 
clean the probes according to the manufacturer's instructions. Reassemble the cell and 
connect the cell to the ''T" connector. Remove all gas bubbles from the cell, turn-on the 
probes, ~d continue the measurements. Record that the time the cell was cleaned. 

11. When it is time to collect the groundwater samples, tum-off the monitoring probes, ~d 
disconnect the pump's tubing from the "T" connector. If you are using a centrifugal or 
peristaltic pump check the pump's tubing to determine if the tubing-is completely filled 
with water (no air space). · 
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All samples must be collected and preserved according to the analytical method. VOCs 
and dissolved gases samples are normally collected first and directly into pre-preserved 
sariJ.ple containers. However, this may not be the case for all sampling locations; the 
SAP/QAPP should list the order in which the samples are to be collected based on the 
project's objective(s). Fill all sample containers by allowing the pump discharge to flow 
gently down the inside of-the container with-minimal turbulence. 

If the pump's tubing is not completely filled with water and the samples are being 
collected for VOCs and/or dissolved gases analyses tising a centrifugal or peristaltic pump, 
dci ~e follo~g: 

All samples must be collected and preserved according to the analytical method. 
The VOCs and the dissolved gases (e.g., methane, ethane, ethene, and carbon 
dioxide) samples are collected last When it becomes time to collect these samples 
increase the pun_:tp's flow rate until the tubing is completely filled. Collect the 
samples and rec~rd the new flow rate. 

12. Store the samples according to the analytical method. 

13. Record the total purged volume (graduated waste bucket). Remove the pump from the 
well a,nd decontaminate the sampling equipment. 
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APPENDIXC 
EXAMPLE (Minimum Requirements) 

WELL PURGING-FIELD WATER QUALITY MEASUREMENTS FORM 

Location (Site/Facility Name) Depth to I of screen 
Well Number Date 
Field Personnel 
Sampling Organization 
IdentifyMP 

Clock Water Pump Purge Cum. Temp. 
Time Depth Dial Rate Volume oc 
24HR below ml/min Purged 

MPft liters 

Stabilization Critena 

.1. Pump dial setting (for example: hertz, cycles/min, etc). 
-2. f.lSiemens per cm(same as J!ffihos/cm)at 25°C. 
3. Oxidation reduction potential (ORP) 

3% 

(belowMP) top bottom 
Pump Intake at (ft. below MP) 
Purging Device; (pump type) 
Total Volume Purged 

Spec. pH ORP3 DO Turb- Comments 
Cond.2 mv mg/L idity 
f.lS/cm NTU 

. 

3% ±0.1 ± 10 mv 10% 10% 

I 

-
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The purpose of this standard operating procedure (SOP) is to provide a framework for calibrating 
field i.Q.struments used to measure water quality parameters for groundwater and surface water. 
Water quality parameters include temperature, pH, dissolved oxygen, specific conductance, 
oxidation/reduction potential [ORP], and turbidity. This SOP supplements, but does not replace, 
EPA analytical methods listed in 40 CFR 136 and 40 CPR 141 for temperature, dissolved 
oxygen, conductivity/specific conductance, pH and turbidity. 

This SOP is written for instruments that measure temperature, pH, dissolved oxygen, specific 
conductance, turbidity, and/or oxidation/reduction potential [ORP] and the probe readings for 
pH, dissolved oxygen, and speCific conductance are iutomatically corrected for temperature. 

For groundwater monitoring, the instrument must be equipped with a flow-through-cell and the 
display/logger or computer display screen needs to be large enough to simultaneously contain the 
readouts· of each probe in the instrument. T\lfhidity is measured using a separate instrument. It 
must I).Ot be measured in a flow-through-cell because the flow-through-cell acts as a sediment 
trap. This procedure is applicable for use with the EPA Region 1 Low Stress (low flow) Purging 
and·Sampling Procedure for the Collection of Ground Water Samples from Monitoring Wells. 

2.0 HEALTH AND SAFETY W ARNIN(;S 

Read all labels on the standards and note any warnings on the labels. Wear appropriate personal 
protection equipment (e.g., gloves, eye shields, etc.) when handling the standards. If necessary, 
consult the Material Safety Data Sheets (MSDS) for ~ditional safety information on the 
chemicals in the standards. 

3.0 GENERAL 

All monitoring instruments must be calibrated before they are used to measure environmental 
samples. · For instrument probes that rely on the temperature sensor (pH, dissolved oxygen, 
specific conductance, and oxidation/reduction potential [ORP]), each temperature sensor needs to 
be checked for accuracy against a thermometer that is traceable to the National Institute of 
Standards and Technology (NIST). Before any instrument is calibrated or used to perfof:Jll 
~vironmental measurements, the instrument must stabilize (warm-up) according to 
manufacturer's instructions and must have no air bubbles lodged between the probe and probe 
guard. · 
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Most proje~ts will require at least two standards to bracket the expected measurement range. 
This means: that one standard is less than the expected value and one is higher. When an · 
environmental sample measurement falls outside. the calibration range, the instrument must be re­
calibrated to bracket the new range before continuing measurements. Otherwise, the 
measurements that are outside the calibration range will need to be qualified. 

This SOP requires that the manufacturer's instruction manual (including the instrument 
specifications) accompany the instrument into the field. 

4.0 FREQUENCY OF CALffiRATION 

At a minimwn, the instrument is calibrated prior to use an the day the measurements are to be 
performed. ·A post calibration check at .the end ofthe day is performed to deterniine if the 
instrument drifted out of calibration. Some projects may require more frequent .calibration 
checks throughout the day in addition to the check at the end ofthe day. Forth~se checks, the 
instrument can be recalibrated.during the day if the instrument drifted out of calibration and only 
the data measured prior to the check would need to be qualified. The calibration/post-calibration 
data information is recorded in Table 1. 

Instruments (e.g., sonde) that monitor continuously over a period of time are calibrated before 
deployment. When these instruments are recovered, the calibration is checked to determine if 
any of them drifted out of calibration. 

Some instruments los~ their calibration criteria when they are turned off. Those instrument.s can 
either be left on all day (battery dependent) or calibrated at each sampling location. If they are 
calibrated at each sampling location, a post calibration check is not needed. 

Ideally, the temperature of the standards should be close to the temperature of the ambient water 
that is being measured. · 

5.0 CALIBRATION PROCEDURES 

Prior to calibration, all instrument probes and cable connections must be cleaned and the battery 
checked according to the manufacturer's instructions. Failure to perform these steps (proper 
maintenance) can lead to errati~ measurements. 

If.a multi-probe instrument is to be used, program the instrument to display the parameters to be 
measured (e.g., temperature, pH, percent dissolved oxygen, mg/L dissQlved oxygen, specific · 
conductance, and ORP). 
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The volume of the calibration solutions must be sUfficient to cover both the probe and 
temperature sensor (see manufacturer's instructions for the volume to be used). 

Check the expiration date of the standards. Do not use expired standards. 

All standards are stored according to manufacturer instructions .. ! • 

5.1 TEMPERATURE 

Most instrument manuals state there is no calibration of the temperature sensor, but the 
temperature sensor must be checked to determine its accuracy. This accuracy check is performed 
at least once per year and the accuracy check date/information is kept with the lns~ent. If the 
accuracy check date/information is not included with the instrument or the last check was over a 
year, the temperature sensor accuracy needs to be checked at the beginning of the sampling event. 
If the instrument contains multiple temperatUre sensors, each sensor must be checked. This 
procedure is not normally perform in tlie field. If the instrument is obtained from a rental 
company, the rental company should performed the calibration check and include with the 
instrument documentation that it was performed. 

Verification Procedure 
. . . 

1. Fill a .container with water and adjust the water temperature to below the water body's 
temperature .to be measure~. Use ice· or warm water to adjust the temperature. 

2. Place a thermometer that is traceable to the National Institute of Standards .and 
Technology (NIST) and the instrument's temperature sensor into the water. Wait for 
both temperature readings to stabilize. 

3. Compare the two measurements. The instrument's temperature sensor must agree with 
the reference thermometer measurement Within the accuracy of the sensor (e.g., 
± 0.2 °C). If the measurements do not agree, the instrument may not be working 
properly and the manufacturer needs to be consulted. 

4. Adjust the water temperature to a temperature higher than the water body to be 
measured. 

~.Compare the two measurements. The instrument's temperature sensor must agree with 
the reference thermometer measurement witQ.in the ~ccuracy of the sensor (e.g., 
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± 0.2 °C). If the measurements do not agree, the instrument may not be working 
properly and the manufacturer needs to be consulted. 

5.2 pH (electrometric) 

The pH of a sample is determined electrometrically using a glass electrode. 

Choose the :appropriate buffered standards that will bracket the expected values at the sampling 
locations. If the water body's pH is unknown, then three stan~ards are needed for the calibration: 
one· close to seven, one at least two pH units below seven, and the other at least two pH units 
above seven. Instruments that will not accept three standards will need to be re-calibrated if the 
water sample's pH is outside the initial calibration range described by the two standards. · 

Calibration Procedure 

· 1. Allbw the buffered standards to equilibrate to the ambient temperature. 

2. Fill calibration containers with the buffered standards so each standard will cover the 
pH probe and temperature sensor. 

3. Remove probe from: its storage container, rinse with deionized water, and remove 
excess water. 

4. Select measurement mode. ~erse .probe into the initial standard (e.g., pH 7). 

5. Wait until the readings stabilize. lfthe reading does not changewithin 30'seconds, 
· select calibration mode and then select "pH". Enter the buffered standard value into 
instrument. 

6. · Remove probe from the ~nitial standard, rinse with deioni:z;ed water, ~d remove 
excess water. 

7. Immerse probe into the second standard (e.g., pH 4). Repeat step 5. 

8. Remove probe from the second standard, rinse with deionized water, and remove 
excess water. If instrument only accepts two standards, the calibration is complete. 
Go to step · 11. Otherwise continue. · 

9: Immerse probe in third buffe~ed standard (e.g., pH 1 0) and repeat step 5. 
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10. Remove probe from the third standard, rinse with deionized water, and remove 
excess water. 

11. Select measurement mode, if not already selected. To ensure that the initial 
calibration standard (e.g., pH 7) has not changed, immerse-the probe into the initial 
standard. Wait for the readings to stabilize. The reading should read the initial 
standard value within the manufacturer's specifications. If no~ re-calibrate the 
instrument. If re-calibration does not help, the calibration range may be too great. 
Reduce calibration range by using standards·that are closer together. 

12. The calibration is_ complete. Rinse the probe with deionized water and stpre the 
probe according to manufacturer's instructions. 

13. Record the calibration information on Table 1. 

5.3_ DISSOLVED OXYGEN 

Dissolved oxygen (DO) content in water is measured using a membrane electrode. To insure 
. proper operation, the DO probe's membrane and electrolyte should be replaced prior to 
calibration for the sampling event. The new membrane may need to be conditioned before it is 
used; consult manufacturer's manual on how the conditioning is to be performed. Failure to 
perform this step may lead to erratic measurements. Before performing the 
calibration/m-easurements, inspect the membrane for air bubbles and nicks. 

Note: some manufacturers require an altitude correction instead of a barometric correction. In 
that case, enter the altitude correction according to the manufacturer's directions in Step 5 and 
then proceed to Step 6. · · 

Note: some instruments have a built-in barometer. Follow the manufacturer's instructions for 
entering the barometric value in step 5. . 

Calibration Procedure 

1. Gently dry the temperature. sensor and remove any water droplets from the: Do 
probe's sensor membrane according to manufacturer's instructions. Note that the 
evaporation of moisture on the temperature sensor or DO probe may influence the 
readings- during calibration. 

2. Create a 100 percent water-saturated air environment by placing a wet sponge or a 
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wet paper towel on the bottom of the DO calibration container. Place the DO probe 
into the calibration container. The probe is loosely fitted into the calibration container 
to prevent the escape of moisture evaporating from the sponge or paper towel while 
maintaining ambient pressure (see manufacturer's instructions). Note that the probe 
and the temperature sensor must not come in contact with these wet items. 

3. Allow the confined air to become saturated with water vapor (saturation occurs in 
approximately 10 to 15 minutes). During this time, turn on the instrument to allow 
the DO probe to warm-up. Select the measuremen~ mode. Check the temperature 
readings. Readings-must stabilize before continuing to the next step. 

4. Select calibration mode; then select "DO%". 

5. Enter the local barometric·presstu;"e (usually in mm of mercury) for the sampling 
location into the instrument. This measurement m~st be determined from an on-site 
barometer. Do not use barometric pressure obtained from the local weather services 
unless the pressure is corrected for the elevation ofthe sampling location. [Note: 
·inches of mercury times 25.4 mm/inch equals mm of mercury or consult Oxygen 
Solubility at Indicated Pressure chart attached to the SOP for conversion at selected 

. pressures]. 

6. The instrument should indicate that the calibration is in progress. After calibration, 
the instrument should display percent saturated DO. 

7. · Select measurement mode and set the display to rea,d DO mg!L and temperature. 
Compare the DO mg!L reading to the Oxygen Solubility at Indicated Pressure chart 
attached to the SOP. The ntimbers should agree. If they do not agree within the 
accuracy of the instrument (usually± 0.2 mg!L), repeat calibration. lfthis·does not 
work,. change the membrane and electrolyte solution.· 

8. Remove the probe from the container and place it into a 0.0 mg/L DO solution (see 
footnote). Check temperature readings. They must stabilize before continuing. 

9. Wait until the "mg!L DO" readings have stabilized. The-instrument should read less 
than 0.5 mg/L (assuming an accuracy of± 0.2 mg!L). If the in$trument reads above 
0.5 ing!L or reads negative, it will be necessary to clean the probe, and change .the 
membrane and electrolyte solution. If this does not work, try a new 0.0 mg/L DO 
solution. If these ch~ges do not work, contact the manufacturer. Note: some 
p~ojects and instruments may have different accuracy requirement~. The 0.5 mg/L 
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value may need to be adjusted based on the accuracy requirements of the project or . . . 

instrument. 

10. After the calibration has been completed, rinse the probe with tap or deionized water 
and store the probe according to manufacturer's instructions. It is important that all of 
the 0.0 mg/L DO solution be rinsed off the probe so as not to effect the measurement 
of environmental samples. · 

11. Record calibration information on Table 1. 

Note: You can either purchase the 0.0 mg/L DO solution from a vendor or prepare the 
solution yourself. To prepare a 0.0 mg/L DO solution, follow the procedure stated in 
Standard Methods (Method 4.500-0 G). The method basically states to add excess 
sodium sulfite (until no more dissolves) and a trace amount of cobalt chloride (read 
warning on the label before use) to water. This solution is prepared prior to the sampling 
event. ·Note: this solution can be made \Yithout cobalt chloride, but the probe wiil take 

. longer to respond to the low DO concentration. 

5.4 · SPECIFIC CONDUCTANCE 

Conductivity is used to measure the ability of an aqueous solution to carry an electrical current. 
Specific conductance is the conductivity value corrected to 25 oc. · 

Most instruments are calibrated against a single standard which is near the specific conductance 
ofthe·environmental samples. The standard can be either below or above the specific 
conductance of the environmental samples. A second standard is used to check the linearity of . . 
the instrument in the range of measurements. 

When performing specific conductance measurement o.n groundwater or surface water and the 
measurement is· o:utside the initial calibration range defined by the two standards, ~e 4lstrument 
will need to be re-calibrated using the appropriate standards. · 

Specific Conductance Calibration Procedure 

1. Allow the calibration standards to equilibrate to the ambient temperature. 

2. Fill calibration containers with the standards so each standard will cover the probe and 
temperature sensor. Remove probe from its storage container, rinse the probe with 
deionized water or a small amount of the standard (discard tP.e rinsate), and'place the 
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3. S_elect measurement mode. Wait ·Wltil the probe temperature has stabilized. 

4. Select calibration mode, then specific conductance. Enter the specific conductance 
standard value. Make sure that the units on the standard are the same as the units used 
by the instrunient. If not, convert the units on the standard to the units used by the 
instrument. 

5. Select measurement mode. The reading should remain within manufacturer's 
specifications. If it does not, re-calibrate. If readings continue to change after re­
calibration, consult manufacturer or replace calibration solution. 

6. Remove probe from the standard, rinse the probe with deionized water or a small 
amount of the second standard (discard the rinsate), and place the probe into the 
second standard. The second-standard will serve to verify the linearity of the 
instrument. Read the specific conductance value from the instrument and compare the 
value to the specific conductance on the standard. The two values should agree within 
the specifications of the instrument. If they do not agree, re-calibrate. If readings do 
not compare, then th_e second standard may be outside the linear range of-the 
instrument. Use a standard that is closer to the first standard and repeat the 
verification. If values still do not compare, try cleaning the probe or consult the 
manufacturer. 

7. After the calibration has been completed, rinse the probe with deionized water an4 
store the probe according to manufacturer's instructions. · 

"8. Record the calibration information on Table 1. 

Note: for projects where specific ~onductance is· not a critical rneasurement it may be possibl~ to 
calibrate with one standar<;l in the range of the expected measure111-ent. -

S.S . OXIDATION/REDUCTION POTENTIAL (ORP) 

·The oxidation/reduction potential is the electrornetric difference measured in a solution between 
an inert indicator electrode and a suitable reference electrode. The electrometric difference is 
measured ·in millivolts and is temperature dependent. 
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Calibration or Verification Procedure · 

1. Allow the calibration standard (a Zobell solution: read the warning on the label before 
use) to equilibrate to ambient temperature. 

2. Remove the probe from its storage container and place it into the standard. 

3. Select measurement 'mode. 

4. Wait for the probe temperature to stabilize, and then read the temperature. 

- 5. If the instrument is to be calibrated, do Steps 6 and 7. If the instrument calibration is to 
be verified, then go to Step 8. -

6. Look up the millivolt (mv) value at this temperature from _the millivolt versus 
· temperature correction table usually found on the standard bottle or on the standard 

instruction sheet. You may need to interpolate millivolt value between temperatures. 
Select "calibration mode", then "ORP". E11ter the temperature-corrected ORP value 
into the instrument. -

7. Select measurement mode. The readings should remain unchanged within 
manufacturer's specifications. If they change, re-calibrate. If readings continue to 
ch_ange after re-calibration, try a new Zobell solution or consult manufacturer. Go to 
Step 9. 

8. If the instrument instruction manual states that the instrument is factory calibrated, then 
verify the factory calibration against the Zobell.solution. If they do not agr¢e within 
the specifications of the instrument, try a new Zobell solution. If it does nqt agree, the 
instrument will need to be re-calibrated by the manufacturer. 

9. After the calibration has been completed, rinse the probe with deionized water and 
store the probe a~cording to manufacturer's instructions. 

10. Record the calibration information on Table 1. 

5.6 . TURBIDITY 

The turbidity method is based upon a comparison of intensity of light scattered by a sample under 
defined conditions with the intensity of light scattered by a standard reference suspension. A 
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turbidimeter is a neph~lometer with a visible light source for illuminating the sample and one or 
more ·photo-electric detectors placed ninety degrees to the path of the light source. Note: the 
below calibration procedure is for a turbidimeter which the sample is placed into a cuvette. 

Some instruments will only accept one standard. For those instruments, the second, third, etc., 
standards will serve as check points. 

Calibration Procedures 

1. Allow the calibration standards to equilibrate at the ambient temperature. The use of 
commercially available polymer primary standards (AMCO-AEP A-1) is preferred; 
however, the standards can be prepared using Formazin (read the warning on the label 
before use) according to the EPA analytical Method 180.1. Other standards may be 
used if they can be shown that they are ·equivalent to the previously mentioned · 
standards. 

2. Ifth~. standard cuvette is not sealed, rinse a cuvette with deionized water. Shake the· 
cuvette to re~ove as much water as possible. Do not wipe dry the inside of the cuvette 
because lint from the wipe may remain in the .cuvette.. Add the standard to the cuvette. 

3. Before performing the calibration procedure, make sure the cuvettes are not scratched 
and the outside surfaces are dry and free from fingerprints and dust. If the cuvette is 
scratched or dirty, discard or clean the cuvette respectively. Note: some · 
manufacturers require the cuvC?tte to be orientated in the instrument in a particular 
direction for accurate reading. 

4. Select a low value standard such as a zero or 0.02 NTU and calibrate according to 
manufacturer's instructions. Note: a zero standard (approximately 0 NTU) can be 
prepared by passing distilled water through a 0.45 micron pore size· membrane filter. 

5. Select a high standard and calibrate according to manufacturer's instructions or verify 
the calibration if instrument will not accept a s~cond standard. In verifying, the 
instrument should read the standard value to within the specifications of the 
instrument. If the instrument has range of scales, check each range that will be used 
during the sampling event with a standard that falls within that range. 

6. Record the calibration information on Table L 
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6.0 POST CALIBRATION CHECK 

After the initial calibration is performed, the instrument's calibration may drift during the 
meaSurement period. As a result, you need to determine the amount of drift that occurred after 
collecting the measurements. This is performed by placing the instrument in ·measurement mode 
(not calibration mode) and placing the probe in one or more of the standards used during the 
-initfal calibration; for turbidity place the standard in a cuvette and then into the turbidimeter. 
Wait for the instrument to stabilize and record the measurement {Table 1 ). Compare the 
measurement value to the initial calibration value. This difference in value is then compared to 
the drift criteria or post calibration criteria described in the quality assurance project plan or the 
sampling and analysis plan for the project. If the check value is outside the criteria, then the 
~p.easurem~nt data will need to be qualified. 

For .the dissolved oxygen calibration check, follow the calibration instruCtions steps one through 
three while the instrument is in measurement mode. Record dissolved oxygen value (mg!L), 
temperature, and barometric pressure. Compare the measurement value to the Oxygen Solubility 
at Indicated Pressure chart attached to this SOP. The value should be within the critel)a specified 
for the project. If measurement value drifted outside the criteria, the data will need to. be · 
qualified. 

If the quality-assurance project plan ot the sampling and analysis plan do not list the drift criteria 
or the post-calibration criteria, use the criteria below. · 

Measurement Post Calibration Criteria 

Dissolved Oxygen ± 0.5 mg/L of sat. value* 
< 0.5 ing/L for the 0 mg!L solution, but not a negative value 

Specific Conductance ±5% of standard or± 10 p.S/~~ (whichever is greater) 

pH_ ± 0.3 pH unit with pH 7 buffer* 

Turbidity ± 5% of standard 

ORP ± 10mv* 

Note: *Table 8.1, USEPA Region 1 YSI 6-Series Sondes and Data Logger SOP, January 30, 
2007, revision 9. 
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7.0 DATA MANAGEMENT AND RECORDS MANAGEMENT 

All calibration records must be documented in the project's log book or on a calibration log 
sheet. At a :rninimum, include the instrument manufacturer, model number, instrument 
identification number (when more than one instrument of the same model is used), the standards 
·use4 to calibrate the mstruments (including source), the calibration d~e. the instrument readings, 

. the post calibration check, ·and the name of the person(s) who performed the calibration. An 
examp~e of a calibration log sheet is shown in Table" 1. 

8.0 References 

Stan<;lard Methods for the Examination of Water and W aste~ater, 20th edition, 1998. 

M~thods for Chemical Analysis ofWater and Wastes, EPA-600/4-79-020, Revised ~arch 1983. 

Turbidity- Methods for the Determination of Inorganic Substances in Envifonmental Samples, 
EP A/600/R-93/1 00, August 1993. 

USEPARegion 1 YSI 6-Series Sondes and Data Logger SOP, January 30,2007, revision 9: 

USGS Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Station 
Operation, Record Computation, and Data Reporting, Techniques and Methods 1-D3. 



TABLE 1 
INSTRUMENT CALIBRATION LOG 

Project Name_- --------------- Date ________________ _ 
Weather __________ _ 

Calibrated by ____ ~---------- Instrument __ ~--------
Seri.al Number ________ _ 

Parameters Morning Morning End of Day 
Calibration Temperature Calibration 

Check* 
Specific 
Conductance 
Standard #1 
Specific 
Conductance 
Standard #2 
pH· (7) 
pH ( 4) 
pH <to> 
ORP 
Zobel 
solution 
Dissolved 
Oxyg-en 
iOO% water 
saturated air 
mg/L 
Dissolved 
Oxygen 
zero· 
Dissolved 
Oxygen 
Solu'tion mg/L 

.Barometric NA 
Pressure 
rom ·Hg 
Turbidity 
Standard #1 
Turbidity 
Standard #2 
Turb,idity 
Standard . #3 

End of Day 
Temperature 

NA 

* For each Parameter, chose one standard as your check standard. 
If possible, choose the one that is closest to the ambient 

mea$urement value. 



Oxygen Solubility at Indicated Pressure 

Te~. Pressure (Hg) 
760 755 750 745 740 735 730 mm oc 29.92 22.72 29.53 29.33 29.13 28.94 28.74 in 

0 14.57 14.47 14.38 14.28 14.18 14.09 13.99 mg/1 
1 14.17 14.08 13.98 13.89 13.79 13.70 13.61 
2 13:79 13.70 13.61 13.52 13.42 13.33 13.24 
3 13.43 13.34 13.25 13.16 13.07 12-98 1i.90 
4 13.08 12.99 12.91 12.82 12.73 12.65 12.56 
5 12.74 12.66 12.57 12.49 12.40 12.32 12.23 
6 12.42 12.34 12.26 12.17 12.09 12.01 11.93 
7 12.11 . 12.03 11.95 11.87 11.79 11.71 11.63 
8 11.81 11.73 11.65 11.57 11.50 11.42 11.34 
9 11.53 11.45 11.38 11.30 11.22 11.15 11.07 
10 11.28 11.19 11.11 11.04 10.96 10.89 . 10.81 
11 10.99 10.92 10.84 10.77 10.70 10.62 10.55 
.12 10.74 10.67 10.60 . 10.53 10.45 10.38 10.31 
13 10.50 10.43 10.36 10.29 10.22 10.15 10.08 
14 10.27 10.20 10.13 10.06 10.00 9.93 9.86 
15 10.05 9.98 9.92 9.85 9.78 9.71 9.65 
16 9.83 9.76 9.70 9.63 9.57 9.50 9.43 
17 9.63 9.57 9.50 9.44 9.37 9.31 9.24 
18 9.43 9.37 9.30 9.24 9.18 9.11 9.05 
19 9.24 . 9.18 9.12 9.05 8.99 8.93 . 8.87 
20 9.06 9.00 8.94 8.88 8.82 8.75 8.69 
21 8.88 8.82 8.76 8.70 8.64 8.58 8.52 
22 8.71 8.65 8.59 8.53 8.47 8.42 8.36 
23 8.55 8.49 8.43 .8.38 8.32 8.26 8.20 
24 8.39 8.33 8.28 8.22 8.16 8.11 8.05 
25 8.24 8.18 8.13 8.07 8.02 7.96 7.90 
26 8.09 8.03 7.98 7.92 7.87 7.S1 7.76 
27 7.95 7.90 7.84 7.79 7.73 7.68 7.62 
28 7.81 7.76 7.70 7.65 7.60 7.54 7.49 
·29 7.68 7.63 7.57 7.52 7.47 . 7.42 736 
30 7.55 7.50- 7.45 7.39 7.34 7.29 T24 
31 7.42 7.37 7.32 7.27 7.22 7.16 7.11 
32 7.30 7.25 7.20 7.15 7.10 7.05 7.00 
33 7.08 7.13 7.08 7.03 6.98 6.93 6.88 
34 7.07 7.02 6.97 6.92 6.87 6.82 6.78 
35 6.95 6.90 6.85 6.80 6.76 ·6.71 6.66 
36 6.84 6.79 6.76 6.70 6.65 6.60 6.55 
37 6.73 6'.68 6.64 6.59 6.54 6.49 6.45 
38 6.63 6.58 6.54 6.49 6.44 6.40· 6.35 
39 6.52 6.47 6.43 6.38 6.35 6.29 6.24 
40 6.42 6.37 6.33 6.28 6.24 6.19 6.15 
41 6.32 6.27 6.23 6.18 6.14 6.09 6.05 
42 6.22 6.18 6.13 6.09 6.04 6.00 5.95 
43 6.13 6.09 6.04 6.00 5.95 5.91 5.87 
44 6.03 5.99 5.94 5.90 5.86 5.81 5.77 
45 5.94 5.90 5.85 5.81 5.77 5.72 5.68 

(Continued) 

Source: Draft EPA Handbook ofMethods for Acid Deposition Studie~ Field Operations for Surface. Water 
Chemistry, EPA/600/4-89/020, Augtist 1989. 



Oxygen Solubility at Indicated Pressure (continued) 

Temp. · Pressure (Hg) 
725 720 715 710 705 700 695 690 mm 

oc 28.54 28.35 28.15 27.95 27.76 27.56 27.36 27.17 irr 
0 13.89 13.80 13.70 13.61 13.51 13.41 13.32 13.22 mg/1 
1 13.51 13.42 13.33 13.23 13.14 13.04 12.95 12.86 
2 13.15 13.06 12.07 12.88 12.79 . 12.69 12.60 12.51 
3 12.81 12.72 12.63 12.54 12.45 12.36 12.27 12.18 
4 12.47 12.39 12.30 12.21 12.13 12.04 11.95 11.87 
5 12.15 12.06 11.98 11.89 11.81 11.73 11.64 11.56 
6 11.84 11.73 11.68 11.60 11.51 11.43 11.35 11.27 
7 11.55 11.47 11.39 11.31 11.22 11.14 11.06 10.98 
8 11.26 11.18 11.10 11.02 10.95 . 10.87 10;79 10.71 
9 10.99 10.92 10.84 10.76 10.69 10.61 10.53 10.46 
10 10.74 10.66 10.59 10.51 10.44 10.36 10.29 10.21 
11 10.48 10.40 10.33 10.28 10.18 10.11 10.04 9.96 
12 10.24 10.17 10.'10 10.02 9.95 9.88 9.81 9.46 
13 ~O.ot 9.94 9.87 9.80 9.73 9.66 9.59 9.52 
14 9.79 9.72 9.65 9.68 9.51 9.45 9.38 9.31 
15 9.58 9.51 9.44 9.58 9.31 9.24 9.18 9.11 
16 9.37 9.30 9.24 9.17 9.11 9.04 8.97 8.91 
17 9.18 9.11 9.05 8.98 8.92 8.85 8.79 8.73 
18 8.99 8.92 8.86 8.80 8.73 8.67 8.61 ·8.54 
19 8.81 8.74 8.68 8.62 8.56 8.49 8.43 8.37 
20 8.63 8.57 8.51 8.45 8.39 8.33 8.27 8.21 
21 8.46 8.40 8.34 8.28 8.22 8.16 8.10 8.04 
22 8.30 8.24 8.18 8.12 8.06 8.00 7.95 7.89 

. 23 8.15 8.09 8.03 7.97 7:91 7.86 7.80 7.74· 
24 7.99 7.94 7.88 7.82 7.76 7.71 7.65 7.59 
25 7.85 7.79 7.74 7.68 7.60 7.57 7.51 7.46 
26 7.70 7.65 7.59 7.54 7.48 7.43 7.37 7.32 
27 7.57 7.52 7.46 7.41 7.35 7.30 7.25 7.19 
28 7.44 7.38 7.33 7.28 7.22 7.17 7.12 7.06 
29 7.31 7.26 7.21 7.15 7.10 7.05 7.00 6.94 
30 7.19 7.14 7.08 7.03 6.98 6.93 6.88 6.82 
31 7.06· 7.01 6.96 6.91 6.86 6.81 6.76 6.70 

. 32 6.95 6.90 6.85 6.80 6.70 6.70 6.64 6.59 
33 6.83 6.78 6.73 6.68 6.83 6.58 6.53 6.48 
34 6.73 6.68 6.63 6.58 6.53 6.48 6.43 6.38 " 
35 6.61 6.56 6.51 6.47 6.42 6.37 6.36 6.27 
36 6.51 6.46 6.41 6.36 6.31 6.27 6.22 6.17 
37 6.40 6.35 6.31 6.26 6.21 6.16 6.12 6.07 
38 6.30 6.26 6.21 6.16 6.12 6.07 6.02 5.98 
39 6.26 6.15 6.11 6.06 6.01 5.97 5.92 5.87 
40 6.10 6.06 6.01 5.96 5.92 5.86 5.83 5.78 

. 41 6.00 5.96 5.91 5.87 5.82 5.78 5.73 5.69 
42 5.91 5.86 5.82 5.'77 5.73 5.69 5.64 5.60 
43 5.82 5.78 5.73 5.69 5.65 5.60 5.56 5.51 
44 5.72 5.68 5.64 5.59 5.55 5.51 5.46 5.42 
45 5.64 5.59 5.55 5.51 5.47 5.42 5.38 5.34 

Source: Draft EPA Handbook of Methods for Acid Deposition Studies, Field Operations for Surface Water 
Chemistry, EPA/600/4-89/020, August 1989. 
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MAGNETIC AND METAL 
DETECT10~ SURVEYS 

1.0 PURPOSE 

GH-3.2 . 2of9 

The purpose of this guideline is to provide a general description of, and technical management guidance 
on, the use of Magnetic and Metal Detection Surveys for site Investigations. 

2.0 SCOPE 

This guideline provides a description of the principles of operation, Instrumentation, applicability, and 
lmplementabillty of standard geophysical methods used during site investigations to determine site 
features related to. magnetic anomalies and burled metal. This document Is intended to be used by the 
project manager, field operations leader, or site geologist to develop a sufficient understanding of each 
method and to assist In proper work plan development and scheduling, resource planning, subcontraetor 
procurement and evaluation, and manipulation and use of the teciYiical data during remedial 
Investigations and faaslbllty studies. This guidance Is not Intended to provide a detailed deacription of 
methodology and operation. The highly speciaRzed nature of the subject geophysical methods requires 
inclusion of project-specific, site-specific, and subcontractor-apeciflc information prior to development of 
detailed operating procedures, during both planning and execution. 

The description (ocuaes on methods and equipment that are readily available and typically appBed; It is 
not intended to provide a complete discussion of the state of the art 

3.0 GLOSSARY 

Magnetic Survey - A geophysical survey method that depends on detection of magnetic anomalies 
caused by 1he presence of buried ferromagnetic objects. 

Magnetic Suacaptibil!ty - Property of a material ~ponding to !.ts abllty to distort an applied magnetic 
field. 

Magnetometer -A device used for precl&e and sensitive measurements of magnetic fields. 

MagnetometrY - The science of measuring variations In the earth's magnetic field. 

Metal datactlon - A geophysical survey method that Is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometar - A magnetometer equipped with two sensors that are vertically separated a fixed 
distance apart. It is best suitad to map near surface features and is less susceptible tc deep geologic 
features. 

4.0 RESPONSIBILmES 

ProJect Manager - responsible for scoplng the magnetic or metal detection surveys during development 
of the Work Plan with the help of the site geologist and site geophysicist 

Field Operations Leader (FOL) - responsible for overall management and coordination of the field effort 

Site Geophysicist - central role In determining the technique used for providing necessary data. Field 
work for these surveys Is supervised by the site geophysicist, with support from geophysical technical 
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specialists and other personnel as needed. Data reduction and Interpretation are performed by the site 
geophysicist or technical specialists. 

s.o PROCEDURES 

5.1 DeecrlptiOn of lllethod8 

5.1.1 Theory and Prlnclpl• of Operdon 

5.1.1.2 Metal Detection 

When a radio frequency electromagnetic field generated by a transmitter coil encounters a highly 
conductive object such as metal (not necessarily ferromagnetic), alternating currents are induced In the 
object that, . in tum, generate alternating secondary magnetic fields that are detected as alternating 
voltages by a receiver coli. The presence of the metal object effectively "couples• the transmitter and 
receiVer coils, which otherwise are oriented so that litUe or no coupling exists. The principles of metal 
detector operation are very similar to those associated with electromagnetic induction Instruments. 

A number of factors Influence the response of a metal detector. The receiver response increases with the 
size and surface area, and decreaSes with the depth of a buried object Factors such as soil properties 
and object shape complicate detectability and interpretation. Certain shapes, such as elongated metal 
rods, are dltftcult to detect Iron minerals and conductive fluids will affect the detector response in much 
the same manner as a target of interest Generaliy, metal detectors show greater response to smaller 
nearby targets than to larger targets at greater depth, and the presence of widespread metallic debris at a 
site can interfere with attempts to detect buried drums and other objects. 
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wabSLMretl1*11ng), 

-~~,re also a useful 

Magnetic surv s lmp1'11Ctical in areas where metal pipes, fances, railroad buildings, 
and us -metal artifact& are abundant However, proper selection of equipment an 

niques can often alleviate some CJ! these pt"Q.blems. _ 

5.1.2.2 Metal Detectors 

Metal detectors {MDs) can be used for locating burled metaUic containers of various sizes; defining the 
boundaries of trenches containing metaDic containers; locating burled metallic storage tanks; locating 
buried metallic pipes; avoiding burled Utilities when drilling or trenching; or locating Utility trenches which 
may provide a permeable pathway for contaminants. 

The.detaCtlon range of a MD Ia relatively short. Its sensitive areas are focused directly above and below 
the coil providing good definition of object location. Quart.eized melal objects can be detected at a 
dlsfar.lce of about 1 meter; objects the size of a 55 gallon drum can be detected up to 3 meters; and 
massive Pites of mebils can be detected at depths of 3 to 6 meters. Deeper objects are difficult to detect 
with an MD. Although most MDs are operated on foot, .some can be vehicle-mounted if desired. 

5.1.3 lnatrumantatlon 

5:4.3.1 
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itive to orientation during measurement In order to alleviate this problem, two sensors 
conn a rigid pole to form a •gradiometer" that measures only a certain directional co ent of 
the earth's mag · field. These gradiometers are commonly used at hazardous was 

Different instruments ha · rent levels of sensitivity. V\lhereas in some , high sensitivity may be 
...... __.. ........ ,.y buried objects, in other instances, a low sensitivity instru be desired to 

reduce of •noise" from nearby fences or cars. Furthermore, the size of the surv and the 
utton requirad will determine whether the magnetometer used is hand-lield for 

measurements or a vehicle-mounted continuous sensor model. 

5.1.3.2 Metal Detectors (MDs) 

Three general classes of metal detectors are commonly used in hazardous waste site studies: 
pipeline/cable locators, conventional "treasure hunter" detectors, and specialized detectors. The 
pipeline/cable detectors are commonly used by EPA field investigation teams. They do not respond to 
small objects like SOda cans. Although most of the "treasure hunter" type detectors ant used for locating 
c:oi\-slzed objects, some can be fitted with larger sensor coils suitable for detection of larger objects at 
greater depths. Some of these models also can operate under adverse soil conditions such as soils high 
iron content Specialized detectors are also available to operate to greater depths, CNer a wide sweep 
area, operate continuously, cope with special field problema, or operate while vehicle-mounted. These 
special MDs require an experienced operator and are not commonly available. 

5.2 Data Acqulaltlon 

5.2.1 Field ProcedUJW 

5211 

Special care must be take handling of the magnetometer during use. rater must not take 
measurements with sensor near ·ferromagnetic objects such as belt bucldes or stee- d boots. The 
orientation of magnetometer and its height from the ground must also be carefully cont durtng 
ope · . Recorded data must be annotated with station locations to allow construction of a 

net~; map. 
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Surveys with metal detectors are similar i'l planning to those with magnetometers. A grid pattem of 
evenly spaced paralleillnes Is used. Desired resolution and the size of objects determine spacing. In 
some cases, e~ating the MD a few faet off the ground may help to eliminate noise from small surface 
objects. An experienced operator is recommended. Recorded data must be annotated with station 
locations to allow construction of a site metal detection map. 

5.2.2 Datafannat 

~.2.2.1 

meters are equipped with a solid state data logger that records the tctaJ field ma:ID8Iiieo 
and/or the vertical e survey line location, the survey station e time or the 
reading. The common units (SI) for total · . Magnetometers record total 
field data in units of nanoTeslas (n . , , er texts may a val~ as gamrT88 
(one gamma no esla). Vertical gradient data are cammol)ly rec:o 
-~ldiiilrper meter (nTIM). 

5.2.2.2 Metal Detection 

The data provided by a metal detector is less quantitative than that of a magnetometer. The MD signal 
strength may vary (depending on the instrument) with object depth, size, and shape, but this signal does 
not translate Into a quantity such as field strength. It merely Indicates the presence of a metal object. 
This on/off type or signal is uaeful because it can indicate the boundaries of a metal-bearing zone mare 
clearly than some quantitative data such as magnetometer recordings. · 

5.3 o.ta lnt8rpr!tatlon 

5.9.1.1 Oorrectlon of DlttPftel '•Wiele"s 

Diumlll dr:lft is automatical4' comK:ted for by iAterlac:ing the ~ FRagA8119meter -. the bMI aalian 
gaagnetomefllr Homeve,:, allot the alwFRal c;aAeGUCIM aheuiG INI eheeked te 'ferif) the weltMs aud luwre 
agaiMt iA8tAMR8At malfuAdioa. 

Bepth Eatltt•les from fetal Flelcl 
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eneral the anomaly width is on the order of one to three times the depth of the source. Thus, for: 
ano with a width of 100 feet, the source is probably between 30 and 100 faet deep (or nt). 
Several ods, including the half-width rule and the slope technique, can be used to source 
depths from to ld profiles. 

5.3.1.3 

5.3.1.4 

Depth of source can be estimated using the slope of the anomaly at the inflection points of ma.nrrm 

The ~ntal extent (XJ of the "stralghr portion of the slope Is determined as shown in Figure 3. 
depth is then estimated by the equation, 

d = KXzwhere0.5<K<1.5 

5.3.2 Metal Detection 

Very little Interpretation is necessary for metal detection surveys performed to provide qualitative data on 
the presence of metatnc objects in the survey area, as a precursor to more detailed subsequent 
geophysical surveys. For these cases, the positiVe audible responses or meter detlections are recorded 
on site grid maps and no further processing or interpretation is made. More detailed rnetal ·detection 
surveys using strip-chart or magnetic tape recording are possible. Typically, data are plotted on site grid 
maps following computer processing. Corrections for nonllnearltles and smoothing of the data to 
eliminate small-target responses can be accomplished. 

&A Appllcatlona ManaaMnent 

&A.1 P1"81"8qulettee 

As described in Section 5.1.2, appropriate planning of magnetic and metal detection surveys requires at 
least a basic understanding of general site features and hydrogeologic characteriStics, as well as the 
probable variability in conditions. The Work Plan should describe,. in as much detail as possible, the 
known site conditions which may affect the measurements, and the objectives of proposed survey efforts. 
The type and degree of data interpretation and the desired format for data presentation should be 
specified if possible. . 

&.4.2 Work Planning and Scheduling 

Magnetic and metal detection surveys may be performed concurrently with field Investigations, in which 
case on-site Interpretation of data may provide real-time guidance for well drifting activities. Ideally, 
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however, these geophysical surveys should be conducted in advance, allowing sufficient time for data 
Interpretation and use of the results In planning other fteld exercises. 

The time and effort required by these geophysical surveys vary greatly depending on the site-specific 
objectives and site conditions. Typically, 2 to 10 acres of metal detection can be performed by one 
person per day, depending on the complexity of the site. AdditionaRy, 2 to 3 linear miles of magnetometer 
data can be collected by 1 person per day. Data reduction and interpretation will require at least an 
equivalent amount of time to the field work. Weather conditions, terrain, and obstructive site features 
cause considerable varlabHity in these estimates. 

5.5 Calibration 

&.e.1 ............ ...,., 

netometer readings should be compared regularty to readings of a reference base 
mag , this procedure Is necessary If corractfons are to be made for changes in the 
magnetiC ld over time. 

5.5.1.1 

All data sets should be acebAll:l&nM~ 
individual data point Period 

level of quaUty of each 
made so that measurement 

COD~tlons for variations In the earth's 
the most recent calibrations. All data 

instrument controls are suspect. and the 
~dllfild. Data should be prellminmily reduced and 

lty of the data and whether the survey results 
ilnttt-..Nin're&enting discontinuities in the curves 

measurements made to determine 
us reading, or an obstructive 

The earth's magnetic varies constantly due, primarily, to solar activity. aturalfluctuatlons 
r and removed from the survey data. A second magnetometer · be used as a 

11:JAmBII..ure and record these fluctuations. These data will subsequently be to drift 
correct th rvey magnetometer data. In addition, the U.S. Space Environmental Agency be 

daily to obtain the latest solar activity forecasts. Data acquisition will cease In the event 
etic storm. Th~ phone number for the U.S. Space Environmental Agency is (303) 497-3171. 

5.5.2 

5.5.2.1 Calibration 

Metal detectors nonnally are not calibrated, and only relative response Is of interest. PeriodlcaHy, the 
sensitivity shOuld be checked by numng the instrument at a fixed location known to be free of metal, and 
adjusting the gain to provide a proper response over a known target 
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Metal detector data should be accompanied by sufficient quality control data to verify that the instrument 
was operating property. Occasional repetitive measurements and a log of the sensitiVity adjustments 
usually suffice for this purpose. 

5.6 UMFTATIONS 

Magnetometer data may be adva,..ely affected by the presence of anthropogenic surface features such as 
buildings, fences, power Jines, vehicles, reinforced concrete, and other metal objects. The magnetic 
response from these surface features can be much larger than that due to a single buried steel drum, and 
thus can mask the response of a drum. Magnetometer surveys should not be conducted in urban areas 
or areas where surface anthropogenic features are prevalent 

Data interpretation Is not always straightforward with magnetic data. MetaiDc drums that are buried at the 
same. depth but at diffarent orientations can yield very dissimilar Instrument responses. Data that are 
collected along survey lines o.riented east-west can appear very dlfrarent than data that are collected 
along survey Jines oriented north-south (the preferred survey orientation). 

6.0 REFERENCES 

Good discussions of various geophysical survey techniques and applications are found in the following 
references: , 

Benson, R. C., R. A. Glaccum and M. R. Noel, 1982. Geophysical TechniqUes for Sensing Buried wastes 
and Waste Migration, Technos, Inc., Miami, Florida, Contract No. 68-03-3050, U.S. EPA Environmental 
Monitoring Systems Laboratory, Las Vegas, Nevada. 

Costello, R. L., 1980. Identification and Description of Geophysical Techniques, Report No. DRXTH-TE­
CR-80084, U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving Ground, Maryland; 
Defense Technical Information System Number ADA 123939. 

McKown, G. L., G. A Sandness and G. W. Dawson, 1980. Detection and Identification of Buried Waste 
and Munitions, Proceedings of the 11th American Defense Preparedness Association Environmental 
Systems Symposium, Arlington, Vll'ginia, 1980. 

ward, Stanley, H. 1990. Geotechnical and Environmental Geophysics, · Society of Exploration 
Geophysicists. Tulsa, Oklahoma. 

7.0 RECORDS 

The following Information will be recorded in the field logbook. 

• Date 
• Equipment operators 
• Name and project number of site 
• Position and instrument readings or responses If not recorded by a data Jogger 
• Position-specific Information 
• Field sketches 
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The purpose of this guideline Is to provide a general description of, and technical management guidance 
on, the use of Ground-Penetrating Radar (GPR) Surveys. 

2.0 SCOPE 

This guideline provides a description of the principles of operation, instrumentation, applcabllty and 
lmplementabillty of standard GPR methods used during site Investigations, to determine subsurface 
stratigraphic and other interfaces dlscernable by GPR. The document Is intended to be used by the 
Project Manager (PM), Field Operations Leader (FOL), or site geophysicist to develop an understanding 
of each method sufficient to permit work planning, scheduling, and resource planning. This guidance Is 
not Intended to provide a detailed description of methodology and operation. The highly specialized 
natura of GPR surveys requires Inclusion of project-specific, site-specific, and subcontractor-specific 
Information prior to development of detailed operating plans, during both planning and execution. 

3.0 GLOSSARY 

Dielectric COnstant Property of a medium that determi'les reflection, absorption, and transmission 
characteristics of a radar signal; a measure of the ability of a material to store charge when an electric 
field Is appAed. Also known as permittivity. 

Depth of Investigation. The depth at which an object of interest can be detected In a GPR survey. 

Radar Trace. A display of reflected signal· strength on a graph of lateral distance along the ground versus 
the radar signal travel time (corresponding to vertical distance of penetration). 

Two-Way Travel Time. The time required for a radar signal to travel from the antenna to a target and 
return to the antenna. Travel time Is a function of the depth of an object and the dlelecbic constant 
(pennittMty) of the medium (soil, rock, etc.). 

4.0 RE8PONSIBJLmE8 

ProJect Manager - Responsible for scoplng of the ground-penetrating radar surveys during development of 
the Work Plan, with Input from the FOL, site geophyslclat. and site geologist 

Field Operations Leader (FOL) - Responsible for overall management and coordination of the field work. 

Site Geophysicist - As a specialist In this field, the site geophysicist playa a central role In determining the 
appropriateness of this technique for providing necessary data. F'teld work for these surveys is 
supervised by the site geophysicist, with support from geophysical technical specialists and other 
personnel (I.e., site geologist) as needed. Data reduction and interpretation are performecJ by the site 
geophysicist or technical speciaHst 
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Commercially-available GPR units operate on the principle of time-domain reflectometry, in which the 
difference in strength and the time delay between a transmitted electromagnetic pulse and its reflection 
from an object are measured. The time delay or two-way travel time, t, is directly related to the 
propagation velocity of the electromagnetic waves, v, and to the distance between the transmitter and the 
object. D, as follows: 

t = 20 
v 

Because GPR is nonnally used at or near the surface of the ground, the distance D corresponds to the 
depth of buried target(s) that reflect the radar signals. 

The strength of a radar signal is a complex function of the distance traveled through the medium and the 
dielectric constant, the magnetic permeability, and the electrical conductivity of the medium. Radar 
signals are attenuated rapidly In materials with high dielectric constants. This attenuation in subsurface 
media is a function of the mineralogy and the water content Thus, materials such as dry sands and 
gravels are least absorptive of radar signals, whereas wet days are highly absorptive. The absorptive 
properties of the medium limits the depth of investigation, e.g., the depth at which targets can be detected. 

Radar antennas are available which operata at frequencies centered on 25-900 MHz. Whereas the higher 
frequencies are able to detect smaller targets, the penetration depth is roughly Inversely proportional to 
frequency. Thus, any GPR survey requires an analysis of the trade-off between resolution and depth of 
penetration so that the optimal frequency can be selected. 

The amplitude of a radar raftaction is a function of the composition, size shape, and depth of the target 
and contrast between permittivity of target and permiHivity of surrounding material. High amplitude 
reflections are from objects exhibiting large differences in dielectric constant from the surrounding 
medium, and are large in size compared to the radar signal wave length. 

5.1.2 Oene111l Appllc:MIIIty 

GPR signals are reflected from any interface which corresponds to an abrupt change In dielectric 
constant Therefore, both metallic and nonmetallic objects (Including voids) as well as changes in 
geologic structure can be detected by this method. Because of the higher frequencies used, target 
resolution Is considerably improved over seismic or resistivity sounding methods. However, the high 
frequencies also result in strong attenuation of the signals, particularly in clay materials with high moisture 
content. At 100 MHz, the depth of Investigation In clay soil with 20 percent moisture content is 3 feet or 
less, whereas in dry clay, or a sand with 20 percent moisture, the penetration depth can extend to 
approximately 30 feel 

GPR can be a powerful method for locating and mapping buried drums, wooden objecls, foundations, 
non-containerized wastes, underground utilities, and many other artifacts (including historical artifacts) at 
a site. Depending on whether sufftclent depth of investigation can be achieved, the method can also be 
used to map saturated zones and bedrock contours, and locate sinkholes or fracture systems. 
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A major rmitation to applicability Ia the degree of subjective interpretation that Ia employed. The problem 
of noting a smaD signal disturbance In a sea of clutter can be overcome somewhat by simultaneous 
observation of a large number of paraDe! tracks. 

1.1.3 ln8trumentatlon 

The standard array of GPR lnstrurnanlation consist& of a transmitter/antenna unit which Ia pulled along the 
ground; a control unit, containing a power supply and signal processing circuitry which is connectBd to the 
antenna by a cable; and a laptop computer or analog tape racordar. The system can be vehicle-mounted, 
and the transmitter can be connected via radio link to the signal processing and recording equipment. 

5.2 Datli Acaul8ltlon 

1.2.1 Field Procedures 

GPR surveys are performed by establishing a grid of parallel survey lines across the site and moving the 
radar antenna along each of these Jines. A suitable means must be provided for deta'minlng the location 
of the radar unit along each of the Ones, and for documenting this Information on the recording medium. 
Typical systems measure the time and velocity of antenna motion, or determine the position of the 
antenna by synchronization signals from the wheels or tracks of the vehicle used to tow the antenna. 

To determin• the depth of anomalies noted on radar tracaa, It Is necessmy to convert the travel time data 
that m-e actually recorded. The velocity of electromagnetic waves in the subsurface medium at the site Is 
determined by excavation to observed targets and measuring their depths. The velocity should be 
deteminad at saveral points In the area of Interest Depths to targets can be estimated by using 
published valuea of dlelectr1c constaniB for a range of dltferant earthen materials and the fallowing 
formula: 

0 = ....!!.._ = v.t 
2..j;, 2 

VVhere: 

D = depth to target (feet) 
t = two-way travel time (nanoseconds) 
c • velocity of Ught ( 1 foot/nanosecond) 
s, =dielectric constant (dimensionless) 
Vm =velocity of electromagnetic waves 

c v =-"'..j;, 

Two-way travel times can also be calculated by collecting GPR data over targets of known depth (e.g., 
trenches, buried plpeslculverts). 

Specific procedures for data acquisition are as follows: 

1. 

018811/P 

The time scala of the GPR unit shall be checked regularly for accuracy. This can be done either 
on or off the site by placing the GPR unit at a known distance from the ground, a waH, etc., and 
measuring the two-way travel time to that reflecting surface in the air. The velocity of 
electromagnetic waves In air is 1 foot per nanosecond (3x10' rnlsec.). The following equation 
shall be used: 
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t = two-way travel time from antenna to the surface, (nanoseconds) 
d = distance of antenna to the surface, (feet) 
c = velocity of light In air, (1 foot/nanosecond) 
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2. Prior to conducting a suNey, a GPR traverse should be conducted over a burled object of known 
depth {If available). From the two-way ~vel time and the measured burial depth of the object, the 
average electromagnetic wave velocity M In soli can be calculated from the following equation: 

V•2dlt 

3. A short GPR traverse shall be repeated twice dally 011er a known feature prior to and after 
conducting dally operations. Technical judgment shall be exercised to ensure that variations 
between repeat readings are a result of changing soil conditions rather than the electronics. 

5.2.2 Data Fonnat 

Reflected radar signals are electronically processed and displayed as an intensity-modulated time 
spectrum, where the time corresponds to target depth as described above. The series of signals 
corresponding to the reflected pulses as the antenna moves along a path forms a three-dimensional data 
set containing distance of traverse, depth, and intensity Information. 

TypicaUy, the data are recorded on a personal computer with distance displayed along the X-axis, time 
(depth) displayed along the Y-axls, and the Intensity given by the degree of amplitUde of the reflection. In 
a typical suNey, a aeries of parallel tracks are traversed by the GPR, and the series of resulting 
oscillograph traces provides ~Z Jocational information and intensity of reflection from targets of interest 

Although much of the data obtained in a GPR survey Is automaticaUy recorded by the Instrument. 
additional information to identify and Interpret each trace should be recorded In a field notebook or on Jog 
sheets. At a minimum the data records should contain the following Information: 

1>19611/P 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

Project name, number and location. 
Company or organization. 
Date and time of day. 
Operator's name. 
Une and trace designation (also recorded directly on the signal recording medium). 
Equipment serial numbers. 
Antenna frequency. 
Direction and speed of antenna movement 
Weather and temperature. 
Site map coordinates at the beginning and end of the trace. 
Notes, remarks or comments. 
Electromagnetic velocity In the subsurface medium at the nearest calibration point 
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Except for those systams which provide extensive data proceaslng, interpretation of anomalies In GPR 
traces requira considerable subjective evaluation by a trained geophysicist Extensive experia'1ce is 
essential to distinguish target reflections from lnherant system noise and Interferences. In many cases, 
the anomalies due to targets of Interest are small compared to varying reflections from the antenna 
system, the ground surface, geologic perturbations, and other lnterrentnces. Slmllarty, an acceptable 
interpretation of target depth from travel time data requires a knowledge of geophysical charactarlstics 
across the site. 

A radar antenna transmit& a "cone, • rather than a thin beam of electromagnetic anergy, so that reflections 
are obtained from objects not directly below the anlanna. M the anteMa moves across the plane of an 
object, raftactions are obtained for a considerable distance along the antenna path. The signal travel 
times will Vfr1 during this process, corresponding to the distance between the artenna and the object A 
discrete spherical target would exhibit a hyperbolic refteclion pattern on the rad• trace, with the apex of 
the hyperbola C01'1'88p01'1ding to the location and depth of the object Multiple or odd-shaped targets, or 
targets of considerable size (compared to the radar wavelength) will exhibit complex reflection patterns 
consisting of overlapping hyperbolas. Thus, a true •plclura" of subsurface objects Is not obtained, and 
experience is necessary to translate the complex tracings Into Information Indicating the target depth, 
size, and shape. 

5.4 Appllcatlone lllanagMMnt 

5A.1 Preraqulaltee 

Appropriate planning of GPR IUlVeys raqull'88 at least a ba8lc understanding of the geophysical 
characterlstica of the alta. The type and structure t:A soils and geologic fonnatlons should be known. A 
description of the site should Include the depth, size, shape, and type of potential targets to be detac:lad, 
as wei as obatructlve 8lta faatures such as rough or wet tanaln and underground utllltias andlor 
structures. The existence of, and depth to known buried objects should be listed and mapped. Other 
specifications include the degree of locational resolution desired, probable weather conditions during site 
activities, and 1he type and sophistication of software required for data Interpretation and presentation. 

5.4.2 Work Planning and Scheduling 

If poasibla, GPR surveys should be performed concurrantly with other geophysical surveys. Radar data 
complement Information from other geophysical methods such as seismic refraction, magnetometly, and 
resi8tMty In arriving at an Interpretation of subsurface gaohydrologic features and location of buried wasta 
materials. ThiS Information Is Important in locating and selecting the appropriate type of monitoring wefts. 

The time and effort required to perfonn GPR surveys VfiiY greatly depending on the sophistication of the 
available equipment and the complexity of the site. Assuming a 2-peraon team, simple hand-operated 
radar systems can cover from 1/4 to 1/2 acre per day, proper documentation, and simple Interpretation. 
Vehicle-mounted systems with automatic data rec:onilng and processing can cover from 2 to 5 acres per 
day. Sophisticated data processing, detailed Interpretations, and high-quality displays require 
considerable computer usage and approximately twice the time required for the actual field survey. 

The specific objectives of the GPR survey should be defined In tha Work Plan . and should include the 
following elements: 
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1. Type of survey (level of detaH) to be accomplished, and area to be covered. 
2. Type, depth, size, and composition of targata of Interest (If known). 
3. Locatlonal accuracy required. 
4. Schedule limitations. 
5. Degree of sophistication required for data presentation and Interpretation. 
6. Specific dellverables required. 

5.5 Quality Control (QC) 

5.&.1 General 

Because of the specialized nature of the method a"'d the highly subjective lntarpratalions needed to 
process the data, GPR surv.ys are subject to misapplication, erroneous interpretation, and collection of 
inadequate or Incomplete data. This ausceptiblllty to misuse requires that an adequate quality control 
program be established. Quality control aspects Include the following : 

• lnsislance on a defined scope of work, specifications, and data vaDdatlon procedures. 

• No data point should be rejected from a data set without appropriate justification; field data sheata 
should contain all observed data and the conditions that could Impact data validation. 

• All field data should be recorded in permanent Ink in a bound field logbook, and each page signed and 
dated by the operator. The original unaltered field logbook should be retained in the project file. 

• In general, the objectives of geophysical surveys can be met by relative measurements across an 
area or with depth. Absolute calibration Ia therefore of lesser Importance than precision of 
measurements. However, a properly calibrated instrument provides an aclcled measure of data 
validity and permits correlation and comparison of the assodated data with site features and 
hydrogeologic characteristics not evident at the time of the field effort 

• An evaluation should be made of background noise, interferences, and obstructions at a site. These 
items should be recorded In the field logbook. These real-time quaity control procedures aid field 
personnel in correction of noise sources over which they have control, in validating suspected 
external sources, and In earty detection of problems that may jeopardize the survey results. 

5.6.2 Dally Quality Control 

All radar traces and interpreted data sets should be accompanied by quard:y control data that indicate the 
level of quality of the data. Periodic replicate measurements should be made so that measurement 
precision can be established. Tnne and/or depth calibrations should be performed on a dally basis. 

A calibration that yields significant changes In instrument parameters or travel time may indicate the need 
for repetition of data or inaeased density of travel time calibrations in the area of Interest Graphical data 
should be reviewed during the field activftles to determine that data quality is adequate, and whether the 
survey results appear to be consistent with geophysical conceptual model of the site. 

6.8 Potential Problema 

A wide variety of problems may be encountered during performance of a GPR survey. Problems can be 
expected to arise In the following areas: 
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Rarely Is a GPR survey accomplished exactly according to the original plan. Site features not previously 
specified and other variations can occur that force changes In the details of the approach. Howewr, the 
objectives of the survey, the general methodology, the amount and quality of data required, and the 
degree of data Interpretation requested should remain unchanged. Project work scopes should be wrlttan 
with some degree of latitude to allow a change In plans whenever justified. 

5.8.2 Noise ancllntarferencw 

Meuurementa can be atracted seva"ely by natural and by man-made sources of Interference. Sources of 
system noise that degrade the quality of radar traces include improper spacing of arrtennas above ground, 
improper cable placement, location of antennas too close to other system components, and faully 
instrument operation. Because reftections are obtained from any objective with a dielectrfc constant 
differing from the surroundings, large masees or high deneity of buried or surface rocks, melal, debris. wet 
soil, or structures can mask targets of Interest Some antennas are not shielded on top, and Unilar 
interraring reflections wHI be obtained from overhead objects such as trees, power lines and buildings. 
The sit& personnel must recognize the limitations posed by theae obstructions, and take steps to minimize 
these Interferences. · 

Topographic and geologic features can also interfere with acquisition of high-quality target deteCtion data. 
sman depressions In the ground surface, the presence of boulders, clay lenses and moist soil zones 
affect both the detact:abiHty of a target and determination of Its depth from the travel time. 

Sources of electromagnetic energy in the vicinity, such as radio or talevlslon transmitters, or navigational 
radar antennas can result In spurious signals in the radar traces. In some caaea, these problems can be 
minimized by judicious selection of radar andlor data communications frequency, and by 8Chedur11g the 
surveys during periods of transmission inactivity. 

6.8.3 Weather Conditio• 

Because water is a good absorber of radar signals, wet weather has a very serious effect on the ablltty to 
perform GPR surveys. Physical dlfftcullles in executing a survey over wet terrain also may be expec::ted. 
The field activities should be planned, If possible, during periods when dry weather is expected. 
SChedules for surveys should account for the probability that moist soil conditions will exist 

5.6.4 Technical Dltllcultlea 

Preventable difficulties Include equipment malfunction, or misapplication, poor operator training, and lack 
of applications experience. Other difficulties may arise because the geophysical character of the site is 
not as Initially conceptualized. The effect of these problems can be minimized by early recognition, using 
.... ponslve and responsible technical management Interim, reaHime scrutiny of the data by the site 
geophyslcfst and management personnel is essential. The alta geophysicist or geophysical subCOntractor 
must be responsive regarding equipment replacement, repair, or changes In personnel. The Project 
Manager and the FOL should be cognizant of technical difficulties beyond the control of the field 
personnel, and should recognize the need to change plans, change performers, or cancel a survey, as 
appropriate. 
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Good diacussions of various geophysical survey techniques and appUcations are found in the following 
references: 

1. Benson, Richard C., Robert A. Glaccum and Michael R. Noel, Geophysical Techniques for 
Sensing Buried Wastes and Waste Migration. U.S. EPA Environmental Monitoring Systems 
Laboratory, Las Vegas, Nevada. 

2. Costello, Robert L., 1980, Identification and Description Geophysical Techniques, Report 
No. DRXTH-TE-CR-80084, U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving 
Ground, Maryland; Defense Technical Information System Number ADA 123939. 

3. McKown G. L., G. A. Sandness and G. W. Dawson, Detection and Identification of Burled Waste 
and Munitions, Proceedings of the 11th American Defense Preparedness Association 
Environmental Systems Symposium, Arlington, Virginia 

7.0 RECORDS 

The following information wll be recorded in the field logbook. 

• Date 
• Type of equipment 
• Name and project number of site 
• Site conditions that may affect data collection 
• Depth and location Information regarding known targets used for detennlnlng the wave velocity 
• Additional items mentioned in Sactlon 5.2.2 
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The purpose of a site reconnaissance is to collect both general and technical information which will 
support the scoping, scheduling, implementing project activities, and writing reports for an environmental 
investigation. This procedure is not intended as a guide for Phase I investigations or for Environmental 
Baseline Survey activities. 

2.0 SCOPE 

This procedure is applicable to the performance of a site reconnaissance for initial site characterization. 
The steps necessary to develop and carry out a site reconnaissance are presented here. These steps 
include a list of equipment and items which may be needed, areas of special interest during fteld 
observations, and methods by which the field observation team can ensure that necessary and 
appropriate observations have been made. 

3.0 GLOSSARY 

Site reconnaissance. An onslte inspection program used to identify site-specific conditions that control 
scheduling, manpower, and affect costs. A site reconnaissance usually consists of visual observations 
and, often, the use of field monitoring instruments to identify potential health and safety threats and 
potential sampling locations for site evaluation during subsequent field investigations. 

4.0 RESPONSIBILITIES 

Field Operations Leader CFOL) is responsible for ensuring that the survey is carried out in sufficient detail. 
To accomplish this, the FOL must assign the proper personnel and equipment to characterize the site 
adequately, in accordance with the requirements defined in this procedure and best engineering practices. 
Other disciplines which may be applicable include (but are not limited to): Geology/Hydrogeology; Health 
and Safety; Ecological Specialists; and/or Engineering. In addition, the FOL is responsible for supervising 
equipment preparation, including necessary calibrations, and supervising field data collection and 
documentation in accordance with the methods described in all referenced standard operation 
procedures. 

Project Manaaer is responsible for the following: 

• Supervising the retrieval and examination of available, applicable information regarding the site. 

• Obtaining appropriate program approvals and ensuring the preparation of a site Health and Safety 
plan for the site reconnaissance. 

• Coordinating the field activities with the client and regulatory agencies, as applicable. 

Field Personnel are primarily responsible for observing and documenting, either through written 
documentation or photographic evidence, the site reconnaissance. Field personnel will take direction from 
theFOL. 
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Below is a list of items that may be useful when conducting a site reconnaissance. All, or a portion of 
these items may be required, depending upon the objective of the site reconnaissance. 

• Health and Safety equipment and information as required by the Site Safety Officer. 

• Maps (U.S.G.S. quadrangle, geologic maps, street and highway maps, and clientfacility maps). 

• Geologic tools (compass, tape measure, hand level, camera, etc.). 

• Physical monitoring equipment, if applicable (PID, Immunoassay Test Kits, etc.) 

• Regional publications (U.S.G.S reports, water well surveys, U.S.D.A. soil conservation surveys, etc.). 

• Site-specific publications by previous Investigators (EPA aerial photographic analyses, remedial 
Investigation .reports, data on waste disposal practices, boring logs, etc.). 

• Marking items (ink markers, surveyor's flagging, spray paint, pin flags, wooden stakes). 

• Field notebooks. 

• Local telephone book with yellow pages (for obtaining utilities, site trailer, living accommodations, 
etc.). 

Sufficient time will be required in order to obtain some of the aforementioned material. In general, most 
publications can be obtained in time to be used in the ·site reconnaissance if ordered approximately 
2 weeks before the actual site visit takes place. 

5.2 Observations 

A site reconnaissance usually requires one to two days, however, additional time may be needed 
depending upon the objective, site size, etc. The following observations, when applicable, should be 
documented either on a site map, field notebook, or photographed. 

• General Site Access. It should be noted whether site roads provide access to all proposed work 
locations, or if it will be necessary to prepare access roads with either a backhoe, dozer, chain sa~. 
etc., in order to get drill rigs, excavators, or other work vehicles to specific locations. If temporary 
driveways must b.e constructed from existing public roads, regulatory permits may b8 required. 
Military facilities may have specific security requirements which require detailed clearance procedures. 

• Location of the Command Post or Site Trailer and Sanitary Facilities. The ideal location for the site 
trailer and sanitary facilities is a level area, within an uncontaminated zone, and centralized in order to 
provide easy access to work areas on the site. However, certain utility companies may require that 
the site trailer be placed within a specified radius (usually 100 feet), of the nearest utility pole. Contact 
the necessary utility companies and inquire about the requirements regarding service before 
conducting the site reconnaissance. Information that may be required by the utility companies is: type 
of electric service needed (Inquire with trailer vendor for this information); and utility pole number of 
interest (pole numbers are usually stamped on a brass plate on the pole). 
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• Potable Water Sources. local fire departments may allow access to fire hydrants. Private water 
delivery companies may also be available in the area. 

• Sources of Possible Contamination. Drums, tanks, sludge areas, areas of stressed vegetation, fill 
areas, and leachate seeps may indicate where sources of contamination exist. Filler pipes protruding 
from the ground surface may indicate the presence of underground storage tanks. Areas. where the 
original ground surface has been reworked may be contaminated fill areas that have since been 
buried and covered with natural material. Previous environmental investigations may also identify 
source areas. 

• location of Decon Areas and Storage/Disoosal Areas for Equipment and Wastes Generated by Field 
Activities. 

• locations of Surface Water Bodies. The locations of surface water bodies, both man-made and 
natural, and their relation to topographic highs may give an Indication of the groundwater flow direction 
In the area (groundwater flow typically follows topography with the topographic highs serving as 
groundwater recharge areas, and the surface waters at topographic lows serve as groundwater 
discharge areas). Visible signs of contamination, the existence of aquatic life, flow rates, and 
approximate levels should also be observed and noted. Check if the surface water bodies could 
potentially be impacted by field activities. If so, appropriate sedimentation and erosion controls will be 
required. 

• Existing Wells. Existing monitoring wells, or domestic wells within the site and off site, should be 
noted on a map, and access checked to see if the wells can be used for data collection. 

• Outcrops. Outcrops can be useful in providing hydrogeologic data (lithologic description, strike and 
dip information, fracture and joint system analysis, identification of moist zones, etc.) Outcrops may 
occur naturally or be a part of a man-made feature such as a road-cut. 

• Lineaments. A lineament is a straight lengthy feature on the earth's surface which is expressed 
topographically as a line of depression. Stream beds, vegetation patterns or soil characteristics may 
be aligned or controlled by this feature. lineaments are due in some cases to the presence of intense 
jointing or faults beneath the ground surface. Groundwater in the bedrock may follow lineaments. 
lineaments should be noted on site maps and described in the field notebooks. 

• Bench or Property Markers. Benchmarks or property markers should be marked with paint or 
surveyor's flagging if encountered during a site reconnaissance. Surveyors may need to use these 
markers as a reference point when surveying. Benchmarks are typically a brass plate secured in 
concrete In the ground with numbering on the top. Property markers can range from a stake driven 
Into the ground to a rock protruding from the ground surface. Facility, contacts may also be aware of 
local benchmarks used during the course of other environmental or public work projects. 

• Metal Cultural Effects. Overhead power lines, railroad tracks, junk automobiles, fences, etc. will 
greatly affect certain geophysical surveys. These features should be noted while conducting a site 
reconnaissance. 

019611/P Tetra Tech NUS, Inc. 



Subject NlJllber 

SITE RECONNAISSANCE Revision 

6.0 RECORDS 

GH-1.1 

1 

Page 
5of8 

Effective Date 
06/99 

The data collected during a site reconnaissance may have to be compiled into a trip report when returning 
from the field. This trip report can then be distributed to the project team. A site reconnaissance checklist 
is located in Attachment A which can be copied and used while conducting the site reconnaissance. 
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SITE RECONNAISSANCE CHECKLIST 

SITE SKETCH 

lndude the following as appropriate: 

• Site Name 
• Site location 
• Site Boundaries 
• Entrance locations 
• Access Roads and Security Requirements 
• Disposallocations 
• Storage areas 
• Office areas 
• Welllocations 
• Treatment facility locations 
• Surface drainage, outcrops, general topography descriptions 
• Cultural interferences 

CHEMICAL STORAGE FACILITIES DESCRIPTION 

• Storage tanks - numbers, volumes, con~ition, contents, etc. 
• Drums - number, conditions, labeling, etc. 
• Lagoons and surface pits - number, size, use of liner, contents, etc. 

TREATMENT SYSTEMS 

Page 
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Note the presence of any treatment systems. These can be difficult to evaluate visually. One should 
appraise general appearance, maintenance and visual integrity; ask operators for any monitoring records; 
note presence of odors; and visually characterize any effluents or residues. Describe type of wastes and 
volumes treated. 

• Incinerators 
• Flocculation/filtration 

• ChemicaVphysical treatment 
• Biological treatment 
• Volume reduction 
• Waste recycling 
• Com positing 
• Other 
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Note the presence and use of any of the following operations. Include a description of the size, use of liners, 
soil type, and the presence of leachate. Provide a description of management practices. Interview site 
workers if possible. Describe waste types. 

• Landfills 
• Landforms 
• Open dump 
• Surface impoundment 
• Underground injection 
• Incineration 

Also, records for dis~ of concentrated/containerized waste should be reviewed. 

HAZARDOUS SUBSTANCE CHARACTERISTICS 

Ask facility contacts for manifests, inventories, or monitoring reports. Note markings on containers. 

• Chemical identities 
• Quantities 
• Hazard characteristics (toxic, explosive, flammable, etc.) 
• Container markings 
• Monitoring data, other analytical data 
• Physical state (liquid, solid, gas, sludge) 

CHEMICAL PROCESS INFORMATION 

• Manufacturing processes and chemicals 
• Off-specification or by-product disposal processes 
• Housekeeping practices 
• Locations of Plant Operations 
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HYDROGEOLOGIC ASSESSMENT 

look for situations that promote hazardous substance migration, i.e., porous soils, fractured bedrock 
formations, shallow water table and karst features. 

• Soil type 
• Surface water features 

• Surface drainage pattern 

• Outcrop studies 

• Water wells (use, water depth, and construction details) 

• Erosion potential 

• Aooding potential 

• Climatology 

IDENTIFICATION OF SENSITIVE RECEPTORS 

• Number and locations of private homes 

• Public buildings including tenant usage 

• Areas of dead or dying vegetation or animals 

• Presence of sensitive ecosystems (wetlands, tidal marshes, etc.) 

• Other public use areas (roads, parks, etc.) 

• Natural areas 
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The purpose of this procedure is to provide reference information regarding the proper methods for 
evaluating the physical condition and project utility of existing monitoring wells and determining water 
levels. 

2.0 SCOPE 

The procedures described herein are applicable to all existing monitoring wells and, for the most part, are 
Independent of construction materials and methods. 

3.0 GLOSSARY 

Hvdraullc Head - The height to which water will rise in a well. 

Water T&ble - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e., the pressure head Is :zero). 

4.0 RESPONSIBILITIES 

Site GeoloaistiHydroaeolog!st - Has overall responsibility for the evaluation of existing wells, obtaining 
water level measurements and developing groundwater contour maps. The site geologistlhydrogeologist 
(In concurrence with the Project Manager) shall specify the reference point from which water levels are 
measured (usuaRy a specific point on the upper edge of the inner well casing), the number and location of 
data points which shall be used for constructing a contour map, and how many complete sets of water 
levels are required to adequately define groundwater flow directions (e.g., if there are seasonal variations). 

Field Personnel - Must have a basic famUiarity with the equipment and procedures involved In obtaining 
water levels and must be aware of any project-specific requirements or objectives. 

5.0 PROCEDURES 

Accurate, valid and useful groundwater monitoring requires that tout important conditions be met: 

• Proper characterization of site hydrogeology. 

• Proper design of the groundwater monitoring program, including adequate numbers of wells Installed 
at appropriate locations and depths. 

• Satisfactory methods of groundwater sampling and analysis to meet the project data quality objectives 
(DQOs). 

• The assurance that specific monitoring well samples are representative of water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wens for collecting 
additional samples. 
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A necessary first step in evaluating existing monitoring wei data is the study and review of the original 
work plan for monitoring well installation (If available). This helps to familiarize the site 
geologistlhydrogeologist with site-specific condition, and will promote an understanding of the original 
purpose of the monitoring wells. 

The next step of the evaluation should Involve a review of all available Information concerning borehole 
drilling and well construction. This will allow interpretation of groundwater flow conditions and area 
geology, and wiD help to establish consistency between hydraulic properties of the well and physical 
features of the well or formation. The physical features which should be Identified and detailed, if 
avaDable, Include: 

• The well identification number, permit number and location by referenced coordinates, the distance 
from prominent site features, or the location of the well on a map. 

• The Installation dates, driJUng methods, well development methods, past sampling dates, and drilling 
contractors. 

• The depth to bedrock - where rock cores were not taken, auger refusal, drive casing refusal or 
penetration test results (blow counts for split-barrel sampling) may be used to estimate bedrock 
interface. 

• The soil profile and stratigraphy. 

• The borehole depth and diameter. 

• The elevation of the top of the protective casing, the top of the well riser, and the ground surface. 

• The total depth of the well. 

• The type of well materials, screen type, slot size, and length, and the elevation/depths of the screen, 
interval, and/or monitored interval. 

• The elevation/depths of the tops and bottom of the filter pack and well seals and the type and size. 

5.2 Field Inspection 

During the onslte inspection of existing monitoring wells, features to be noted Include: 

• The condition of the protective casing, cap and lock. 
• The condition of the cement seal surrounding the protective casing. 
• The presence of depressions or standing water around the casing. 
• The presence of and condition of dedicated sampling equipment. 
• The presence of a survey mark on the inner well casing. 

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or if 
there are any depressions around the well casing capable of holding water, surface water may have 
infiltrated Into the well. This may invalidate previous sampling results ooless the time when leakage 
started can be precisely determined. 

The routine physical Inspection must be followed by a more detailed investigation to identify other potential 
routes of contamination or sampling equipment malfunction. Any of these occurrences may Invalidate 
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previously-collected water quality data. If the monitoring well is to be used in the future, considerations 
shown In the steps described above should be rectified to rehabilitate the well. 

After dlscomecting any wires, cables or electrical sources, remove the lock and open the cap. Check for 
the presence of organic vapors with a photoionizatlon detector (PID) or flame-ionization detector (FlO) to 
determine the appropriate worker safety level. The following information should be noted: 

• Cap function. 

• Physical characteristics and composition of the inner casing or riser, including inner diameter and 
annular space. 

• Presence of grout between the riser and outer protective casing and the existence of drain holes in 
the protectiye casing. 

• Presence of a riser cap, method of attachment to casing, and venting of the riser. 

• Presence of dedicated sampling equipment; If possi>le, remove such eqlipment and inspect size, 
materials of construction and condition. 

The final step of the field inspection is to confirm previous hydraulic or physical property data and to obtain 
data not previously available. This includes the determination of static water levels, total wei depth and well 
obstruction. This may be accomplished using a weighted tape measure which can also be used to check for 
sediment (the weight will advance slowly if sediment is present, and the presence of sediment on the weight 
upon removal should be noted). If sediment Is present and/or the well has not been sampled In 12 or more 
months, it should be redeveloped before samplng. 

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed in 
light of their usefulness for the intended purpose of the investigation. 

See Attachment A, Monitoring Well Inspection Sheet 

5.3 Water Ltyel <Hydraulic Headl Mea!urementt 

6.3.1 General 

Groundwater level measurements can be made in monitoring wells, private or public water wells, 
piezometers, open boreholes, or test pits (after stabilzatlon). Groundwater measurements should 
generally not be made in boreholes with drlllng rods or auger flights present. If groundwater sampling 
activities are to occur, groundwater level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded In the site 
geologistlhydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), along with the date and time of the reading. The total depth of the well shall be measured 
and recorded, if not already known. Weather changes that occur over the period of time during which 
water levels are being taken, such as precipitation and barometric pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference point of known elevation, 
which is normally identified by a mark on the upper edge of the inner well casing. To be useful, the 
reference point should be tied in with an established USGS benchmark or other properly surveyed 
elevation datum. An arbitrary datum could be used for an Isolated group of wells, if necessary. 
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Cascading water within a borehole or steel well casings can cause false readings with some types of 
sounding devices {chalked line, electrical). Oil layers may also cause problems In determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shall be taken regularly, as required by the site geologlstlhydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shall be established by the site hydrogeologlst. All 
water level measurements at a site used to develop a groundwater contour map shaD be made in the 
shortest practical time to minimize affects due to weather changes. 

6.3.2 Water Level Measuring Techniques 

There are several methods for detenninlng standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions. A 
general description of these methods Is presented, along with a lsting of various advantages and 
disadvantages of each technique. An effective technique shall be selected for the particular site 
conditions by the site geologistlhydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be oblalned to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus should be 
utilized. Other, less precise methods, such as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or continuous) readings are required, time-consuming individual 
readings are not usually feasible. In such cases, it is best to use a pressure transducer. 

5.3.3 Mathoda 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. Check operation of recording equipment above ground. Prior to opening the well, don personal 
protective equipment, as required. Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

2. Record all infonnatlon specified below in the geologistlhydrogeologisfs field notebook or on the 
Groundwater Level Measurement Sheet (Attachment B): 

• Well number. 
• Water level (to the nearest 0.01 foot). Water levels shall be taken from the surveyed 

reference mark on the top edge of the inner well casing. If the J-plug was on the wei very 
tightly, It may take several minutes for the water level to stabUize. 

• Time and day of the measurement. 
• Thickness of free product If present. 

Water level measuring devices with permanently marked intervals shall be used. The devices shall be 
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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5.3.4 Water Level Maaaurlng Devlcae 

Electric WIIIBr Levallndlcatora 

These are the most commonly used devices and consist of a spool of small-diameter cable and a 
weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit 
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a turbulent 
water surface in the weD, measuring with an electric sounder may be difficult. 

For accurate readings, the probe shall be lowered slowly into the well adjacent to the survey mark on the 
inner well casing. The electric tape is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 
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5.3.5 Data Recording 

Water level measurements, time, data, and weather conditions shall be recorded in the 
geologistlhydrogeologisfs field notebook or on the Groundwater Level Measurement Sheet AI water 
level measurements shall be measured from a known reference point. The reference point is generally a 
marked point on the upper edge of the inner well casing that has been suiVeyed for an elevation. The 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affect the water level within the well. 
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5.3.8 Specific Quality Control Procedures for Water Lave! Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturer's Instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded In the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered In 
the field logbook/notebook, the COrrected readings shall be entered onto the Groundwater Level 
Measurement Sheet (Attachment B). Elevations will be entered on the sheet when they become available. 

5.4 Equipment Pecontamln&tlon 

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, al portions of a device which project down the weD casing must be decontaminated prior 
to advancing to the next well. Decontamination procedures vary based on the project objectives but must 
be defined prior to conducting any field activities including the collection of water level data. Consult the 
project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 Health and Safety Cona!deratlona 

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened Is a health/safety hazard which 
must be considered. Initial monitoring of the well headspace and breathing zone concentrations using a 
PID or FlO shall be performed to determine required levels of protection. Under certain conditions, air­
tight well caps may explosively fly off the well when the pressure Is relieved. Never stand directly over a 
well when uncapping it. 

6.0 RECORDS 

A record of all field procedures, tests and observations must be recorded in the site logbook or designated 
field notebook. Entries in the log/notebook should include the individuals partiCipating in the field effort, 
and the date and time. The use of annotated sketches may help to supplement the evaluation. 
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ATTACHMENT A 
MONITORING WELL INSPECTION SHEET 

- -
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The purpose of this procedure is to describe the methods and equipment necessary to perform soli and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 

2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and ob1alnlng rock core samples fer lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 

3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that Is equipped with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilling machine. 

Wire-line Coring .,. As an alternative to conventional coring, this technique Is valuable In deep hole drilling, 
since this method eliminates trips In and out of the hole with the cortng equipment \Mth this technique, 
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring device 
and casing. 

4.0 RESPONSIBILmES 

Project Manager - In consultation with the project geologist, the Project Manager Is responsible for 
evaluating the drilling requirements fer the site .and specifying drilling techniques that wiH be successful 
given the study objectives and the known or suspected geologic conditions at the site. The Project 
Manager also determines the disposal methods fer products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for the 
drilling operations. 

Field Operations Leader (FOL) - The FOL is responsible for the overal supervision and scheduling of 
drilling activities, and Is strongly supported by the project geologist. 

Project Geologist - The project geologist Is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist Will generate a detailed boring log for each test hole. This log 
shall include a description of materials, samples, method of sampHng, blow counts, and other pertinent 
drilling and testing Information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often 
this position for Inspecting the driiHng operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist The final location 
for drilling must be properly documented on the boring log. The general area In which the borings are to 
be located wMI be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan. 
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Drilling Subcontractor - Operates under the supervision of the FOL Responsible for obtaining all drilling 
permits and clearances, and supplying all servlc8s (Including labor), equipment and material required to 
perform the drilling, testing, and well Installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subc:onb'acts. 

The drifter must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shal be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the 
subcontract, the Project Manager may need to oblain written authortzatlon from appropriate administrative 
personnel before approving any changes. 

The driiHng subcontractor is responsible for foiJowlng decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for de.moblizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and proper1y backfir~ng any open 
borings. 

1.0 PROCEDURES 

1.1 General 

The purpose of drilling boreholes is: 

• To determine the type, thickness, and certain physical and chemical properties of the so~. water and 
rock strata which undertle the site. 

• To install monitoring wells or piezometers. 

All drilrlng and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally 
advisable to drill borings at "clean• locations first. and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. All borings must be logged by the site geologist as 
they proceed (see SOPs SM.3 and GH-1.5). Situations where logging would not be required would 
include lnstaDation of multiple well points within a small area, or a "second atternpf' boring adjacent to a 
boring that could not be continued through resistant material. In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist 
should still eonflrm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

5.2 Drilling Mathoda 

The selected driUing methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface Investigation program proposed for the site. The full range 
of ditrarent drilling methOds applicable to the proposed program should be identified with final selection 
based on relative cost, avallabirlty, time constraints, and hoW well each method meets the sampling and 
testing requirements of the individual drilling program. 
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This method of driUing consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method Is relatively quick and Inexpensive. 
Advantages of this type of drilling Include: 

• Samples can be obtained without pulling the augers out of the hole. However, this Is a poor method 
for obtaining grab samples from thin, discrete formations because of mixing of soilS which occurs as 
the material Is brought to the surface. Sampling of such formations requires the use of split-barrel or 
thin-:Wall tube sainplers advanced through the holow core of the auger. 

• No driiHng fluids ara required. 
• A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and llnitations of this method of driRing include: 

• Augering can only be done in unconsoldated materials. 

• The inside diameter of hollow stem augers used for well Installation should be at least 4 inches 
greater than the well casing. Use of such largtHjlameter hollow-stem augers Is more expensive than 
the use of small-diameter augers In boreholes not used for well installation. Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor. More friction is produced 
with the larger diameter auger and subsequently greater torque Is needed to advance the boring. 

• The maximum eff&ctlve depth for drilling Is 150 feet or less, depending on site conditions and the size 
of augers .used. 

• In augering through dean sand formations below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soli sampAng or well installation. If the condition of 
"running" or "flowing" sands Is persistent at a site, an alternative method of driBing is recommended, 
In particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the prefenvd method of drilftng. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. Wrth 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction). 
With this In mind, the preferred order of choice of driUing method after hollow-stem augering (HSA) is: 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Rotosonlc 
- Drive and wash 
- Jetting 

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA. 

The procedures for sampling soils through holes driUed by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and 01586-84. The guidelines established in SOP SA-1.3 shall 
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also be followed. The hoUow-etem auger may be advanced by any pa.ver-oparated driiRng machine 
having suftk:ient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotachnical examination or for well 
instalation. However, when drilling below the water table, specially designed plugs which a1ow passage 
of formation water but not solid material shall be used (aee Reference 1 of this guldelne). This driWng 
configuration method also p1'8Y811ts . blow back and plugging of the auger when the plug is removed for 
sampling. 

Altemataly, it may be necessary to keep the hollow stem ful of water, at least to the leveJ of the water 
table, to prevent blowback and plugging of the auger. If water 18 added to the hole, it must be sampled 
and analyzed to determine If It 18 free from contaminants prior to use. In addition, the amount of water 
introduced, the mnount recovered upon atblinment of depth, and the amount of water extractBd during 
well development must be carefully logged in order ID ~re that a representative sample of the 
formation water can be obtained. Well development should occur as soon after well complation as 
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is 
encountered which .prevents advanj:ing the auger to the desired depth, augering should be halt8cl and 
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soli 
Interface and bedrock lithology must be determined, then a 5-foot conflnnatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Fietd Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attemptad. The original boring 
must be properly backfilled and the new boring ~ a short distance fN11tf at a location determined by 
the site geologist If multiple water bearing strata were encountered, the original boring must be grouted. 
In some formations, it may be prudent to also grout borings which penetrate only the watar table aquifer, 
since loose soH backfllln the boring may BtiY provide a preferred pathway for surface liquids to reach the 
water table. Backfiling requirements may also be driven by state or local regulations. 

5.2.2 8eRtlllllell8 FH11tt lallll ltelll AIIIIP MIIRI 

~Ia iPilling MeiiM Ia aiMilaP te hallaTJ etaFR .,,_..,, PMaliaal applieatieA eJ ltlla Matha•i is ...,, .. ~ 
F881F!•.a 88fRP&AMI te w• Gt l:lellaw ltafR BWIBAI· Spll 8&Ral ~apll apeeA~ 1181RpiR!J aaRAet a.e 
IIBifaiWIBEI ruJ~tteu& puiiiAg tM ....... au&. wl:llaR fR&y allew lie l:lale ta c;ellapee. ~e 18AiiAY81:11 flig!M 
aelid at8frt INieF dfiiiAg ffie1hed is thefefeFe 'lfi'Y tiMe eensuFRiAg BAd Ia net aalt etreeti\re. Alae, awl8f8 
wawlcl J::l&!le t9 1M •Nil!~ MfaM iA.ealliFII a fRiiiAiteRFII t~MII, 1~vhiah agaiR, 1M)' allar.v the hale te 
aellapaa, ~W.BAMM, gaelaglc: loggiAg ~ Ullj:RiAiAI ttMI lalla I:Nawgtlt te tAB 8Uifaae II YARIIialala, BAd 
depth te ·~vater INI'f lie diMelllt te dete""ine whHe dFilliFII. 

:fflere V.'81:di be ~ery few aituatieAa wheN use ef a aeHi eteM augeF •;.teuli Ia prefeAEie te elteF dFilliAg 
MBIIeEI&. ~a aAiy prastiGal applki:ati&Atl at Ilia AMII!OO WOY!ci be to dfill ~8AJI:Ielaa faF wall IAAIIIaliaA• 
where Ae llthelegle iRfaFMIIIieA le Elaei,_, &REI the aeil& are awah &ha& the lleFehele eaA lie 8MP8atei te 
reFR&iA epaA aAar the augaF& are wilhEIRI\WI, .l.litmalively, U:lis taclt~Aiqua GSA be Yled ta fiAEI depth te 
bedreek in an area •eA AB alieF iRfaRMUBA Ia MftYIF8d fJaj:R dRIIAg. 

&.2.3 Rotary Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary dri•ng. For air or fluid-rotary drilling, the rotary drill 
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque 
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• In some borings temporary casing may not be needed as the drilling tlulcls may keep the borehole 
open. 

• Drill rigs are readily available In most areas. 

Disadvantages to this method include: 

• Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-spoon) 
samples are not taken (i.e., the depthS of materials logged from cuttings delivered to the surface are 
approximate). 

• Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, and require 
mora extensive wall development than "dry" techniques (augering, air-rotary). 

• No information on depth to water Is oblainable while drilling. 

• Fluids are needed for driiUng, and there Is some question about the effects of the drilftng fluids on 
subsequent water samples oblained. For this reason as wall, extensive wall development may be 
required. 

• In very porous materials (I.e., rubble fill, boulders, coarse gravel} drilling fluids may be continuously 
lost into the formation. This requires either constant replenishment of the drilling fluid, or the use of 
casing through this fonnation. 

• DriH rigs are large and heavy, and must be supported with supplied water. 

• Groundwater samples can be potentially dUuted with driUing fluid. 

The procedures for performing diract rolary soil investigations and sampling shall conform with the 
applicable ASTM standards: 02113-83, D1587-83, and D1586-84. 

Soli samples shall be taken as specified by project plan documents, or more frequently, If requested by 
the project geologist. Any required sampling shaH be performed by rotation, pressing, or driving in 
accordance with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be 
drilad at the request of the Field Operations leader. The original boring shall be backfiRed using methods 
and materials appropriate for the given site and a new boring started a short distance away at a location 
determined by the p_roject geologist. 

5.2:4 Roteeenle Bllllllng 
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d ram range to rotate and force the bit to the desirad depth. The driling machine must, however, 
ipped with any accessory equipment needed to perform .required sampling, or coring. 

ing, any setUed drill cuttings in the borehole must be removed. 

Air-rota driHing is a method of drilling where the drill rig simultaneously turns and exerts a d81111'11Ats:~~l 
pressure the drillng rods and bit while circulating compressed air down the inside of th drill reds, 
around the and out the annulus of the borehole. Air circulation serves to both cool the b 8nd remove 
the cuttings the borehole. Advantages of this method Include: 

• The drilling ra is high (even in rock). 
• The cost per foo f driiUng Is relatively low. 
• Air-rotary rigs are rnmon In most areas. 
• No driling fluid Is (except when water is injected to keep down d 
• The borehole diameter · large, to allow room for proper well installation p 

• Formations must be logged the cuttings that are blown to surface and thus the depths of 
materials logged are approximate. 

• Air blown Into the formation during dn · g may "bind" the m..nmin' n and impede well development and 
natural groundwater ftow. 

• In-situ samples cannot be taken, unless the 

• Air-ro1Bry drift rigs are large and heavy. 

be generated which may require 
containerization, sampling, and off-s 

A variation of the typical air-rotary dril it Is a down hole ha ich hammers the drill bit down as it 
drills. This makes drilling in hard faster. Air-rotary drills can a be adapted to use for rock coring 
although they are generally s than other types of core driRs. /1\ ·or application of the air--rotary 
driUing method would be to drill s in rock for well installation. 

Auld-Rotary driNing o in a similar manner to air-rotary driNing except 
clean water Is used In pi of air to cool the drill bit and remove cuttings. 

t a drilling fluid rmud") or 
are a variety of fluids 
rries. If a dril6ng fluid 

round" sample of 
that can be used with · drilling method, including bentonit8 slurry and synthetic 
other than water/cuttl gs Is used, It must be a natural clay (i.e., bentonite) and a " 
the fluid should be for analysis of possible organic or Inorganic contaminants. 

Advantages to e fluid-rotary driHing method include: 

• The a ty to drill in many types of formations . 

• 
• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing 

rods If the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 
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outer casing can be adv.,ced at the same time as the Inner drill string and core barre~ or advan 
down the inner driN rods and core barrel, or after the core barrel has moved ahead to col 
undlsturb sample and has been pulled out of the borehole. The outer casing can be adv 
moat caaea, be advanced with water or air depending upon the formations being drill 
and diameter of hole, or requirements of the project 

• 

• 

• 
........ .. -- tlal bridging of annular materials 

during removal. 

Disadvantages include: 

• 

• 

·ctriling as compared to olher methods are generally h 
larlllftclmt savings considering reduc:ed lOW and shortened ~lal"'rwu 

I rigs are large and need ample room to driU, howaver, Rotosonic units can ..,..,Pial~ 
or placed on an ATV. 

re are a limited number of Rotosonic drilling contractors at the present time. 

~e &a~FRCIA _. ... Gir:wlatien r:ig il a watllr ar ~l.ld .fOtat:y Fig witt! a laJge dla natlr dAII pipe whietl 
BiFeUiate& the dFIHIAI water dewA the aAAIIIYB BREI YP She iABIGie ef She ciRII pipe (_...e lew alrasti9A 
flo~ dlrec:t mud-..:otary). ~i& ~pe of r:ig Ia used for ~e COAidi:uc:tioA of lal:g&Qpac:Ky pFGduGtien t:181ar 
well& Melia net 1Wital far small, 'Miter qually aRpiiAg well1 liln- of lha uea or ciRIIIAI ~w.aa aM the 
I&Fge diameter Mia whiGh Ia cf88tael, A raw apec;ial AWe,.a-ciR:UiatioA '*FY r:igs ar:e ABle wilh dowbl& 
wall EIFIII pipe: 'AMI EIFilliAg water er air Ia siR;UiatiM cle\ttA the aRRYiue l,e&\roteeA h dFill pipea &Ad I::IJI IASide 
the IAAer-,ipao 

AEI\·aRtagaa ef lha latter FRelheEI iAslwEia: 

• ~· farrnatioA !J.talier Ia net senta~iAatll& l,)y the EIFilling 'JJatiF, 

• 'MeA dfilliAg ·.-;ItA air, i"'FRedlate iAfGFMatien Is 8\lailable reg&IUing ... e 'fJatar bearing pMpeAies af 
feFFRatiana panetr:atad. 

• QallapaiAg af Ita l:!ale in wnsonaeliaatact fa~ations II Ret aa gANit a probiMR aa w~A dFilling w~ tRa 
A&FR181 air r:aW;t Fig. 
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• PlaeiRI 88fA8At IFewt IRYRd lie &Y&a"'a ef lla 'JJSII aa&IRI &be\'8 a wall IIRIA alaR Ia dilleY" 
•paalal~ 'NIIBR "I IGMBR 8Rd GaliRg are pla;aci dCJtfJR ~R:Ngh the iRMF GAll pipe liaafoAI Ita dFill 
IIIII& ia p~:~lad au\ 

5.2.8 Drill-through CUing Driver 

The driven-casing method consists of alernately driving casing (fitted with a sharp, hardened casing 
shoe) Into the ground using a hammer lifted and dropped by the drll rtg (or an air-hammer) and cleaning 
out the casing using a rotary chOpping bit and air or water to flush out the materials. The casing Is driven 
down In stages (usually 5 feat per stage); a continuous record Is kept of the blows per foot In driving the 
casing (see SOP GH-1.5). The casing Is nonnally advanced by a 300-pound hammer faiUng freely 
through a height of 30 inches. Simultaneous washing and driving of the casing is not recommended. If 
this procedure is used, the elevations within which wash watar is used .and in which the casing is driven 
must be clearty recorded. 

The driven casing method is used In unconsolidated formations only. When the boring is to be used for 
later well Installation, the driven casing used should be at least 4 inches larger in dilmeter th81 the wei 
casing to be installed. Advantages to this rnelhod of driling include: 

• Split-barrel (split-spoon) sampling can be conducbld while drilling. 

• Welt lnstalation is easily accomplished. 

• Drill rigs used are relatively small and mobile. 

• The use of casing minimizes flow Into the hole from upper water-bearing layers; therefore, multiple 
aquifers can be penetrated and sampled far rough ftetd detenntnations of some water quality 
parameters. 

Some of the disadvantages Include: 

• lllts method C3"l only be used In unconsolidated formations. 

• The method is slower than other methods (average drilling progress is 30 to 50 feet per day). 

• Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, and the 
nature of the formations drilled. 

• The cost per hour or per foot of driUing may be substantially higher than other driUing methods. 

• It Is dlftlcult .,d time consuming to pull back the casing if It has been driven very deep (deeper than 
50 faet in many formations). 

6.2.7 Cable Tool Drtlllng 

A cable tool rig uses a heavy, solid-stee~ chisel-ty~ drill bit ("tool") suspended on a steel cable, which 
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may be 
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expedited by the use of "slip-jars" which serve as a cable-activated down hole percussion device to 
hammer the bit ahead. 

'M1en drilling through the unsaturated zone, some water must be added to the hole. The cuttings are 
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground 
watBr enters the borehole to replace the water removed by bailing, no further water needs to be added. 
When soft caving formations are encountered, It Is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the driiUng can be only a few faet below the bottom of the 
casing. Because the drill bit Is lowered through the casing, ihe hole created by the bit Is amaller than the 
casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven into the 
hole (see Section 5.2.5 of this guideline). 

Advantages of the cable-tool method include the following: 

• Information regarding water-bearing zones Is readily available during the drling. Evan ralative 
parmaabillties and rough water quality data from different zones penetrated can be obtained by skilled 
operators. 

• The cable-tool rig can opera1B satlsfactor11y In all formations, but is best suited for caving, boulder, 
cobble or coarse gravel type formations (e.g., glacial tiU) or formations with large cavities above the 
water tabla (such as limestones). 

• When casing is used, the casing seals formation water out of the hole, preventing down hole 
contamination and allowing sampling of deeper aquifers for field-measurable water quality 
parameters. 

• Split-bamtl (split-spoon) or thin-waH (Shelby) tube samples can be collected through the casing. 

Disadvantages include: 

• Drifting is slow compared with rotary rigs. 

• The necessity of driving the casing In unconsolidated formations requires that the casing be pulled 
back If exposure of salected water-bearing zones Is desired. This process com~ the wall 
completion process and often increases costS. There is also a chance that the casing may become 
stuck in the hole. 

• The relatively large diameters required {minimum of 4-inch casing) plus the cost of steel casing result 
in higher costs compared to rotary drilling methods where cas1ng Is not required (e.g., such use of a 
hollow-6tem auger). 

• Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., availability may 
be difficult 

5.2.8 clet DPIIIIRI fl'lleiiiRIJ 

c1et drilling, whleh ehattld 1te t1eed aAiy fer plei!ameter er '18deee EeAe IMiplar IAetallllieA, eeflliea af 
fJHR'IjtiRg water ar dftiiAg Mllld deWR tlueyth a lfMII ii8Me\ar (112 te 2 ~Rat} BtaAeanl pipe (steal ar 
PVG). ""R:Ia pipe ~· be filM ·;Jiittt a &Aiaell:llt ar a ape alai jeltiRg &GFMA. ~~alieA A8t8Aala iialaigad 
by U.e bit aAd jetting aetiaA af U.e water are DI8Yght te tM aulfaGa •FD\.19~ tM aAAwlua areuAa tRe pipe. 
As the J'iJIB l8 jetted deeper, addltfeAalleAgtAe ef pl,e fftBY be a~de~ at the euffaae. 
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Jet p&R!IY&aleA Is a tJaRatian ef. Ita jaWng meDiad, In whiGh lha aaaiAg is dA¥eA with a ciJAta ••J&ig~&. 
Nel'ft'W~, IIIII Pl'tethM ie ..aEI te J!llaea 2 IReh .tlafReteF ealiflg lA ahal- YF188RI&NIIaled &aRd ••••lllliene, but lila mathect IMI8 aile beeA uaed te IFI8tall a 
agg feat 

te 4 lAM diaffteler aaaiAp lie a l!lalllh ef 

....... II Blll.llle lA '181')" 181 fefRIJIItlaAa, ttaWalv faF lhaiJB\111 8llfRtlliftg, M.t wheA iAtlel!lttllli&A af Mlilf 
WIIW te the faFIMIIBA ie 1811plaa.le:: 8wllltt 811AIItiaAa MUlct CIGCWF dYFIAg rewsh 1bai98PiiG lnveltlgllaA 
er IAatallalleR of piGCN"RatiiRI for •NIIt8rlaval IMSII.IRIIMAt. Advantagaa of tRia mellcacl iA;Jw•; 

• JaliAI ie faat &A.t iA&MfiiA&ive, 

• Beeewea ef lie IINIII Bf'A8YAt eJ ~YipiMAt ~atWIAid, jelling c:aA be ac;c;empliatled lA lacaii8R8 ~~Alta .. 
11181111 by a A8f'MI ciFIIIAg Rg weulciMIJePJ dillcul&. I'Bor _,.Ia, it wewact be paaailtle Ia jet dewA a 
rtJ8II palM lA Ita eaMir eJ a lagaaR at a fFaaliaA of Ita 88lt af WlliRI a ciRII AI. 

• detliRI Fl!'m&F8Y8 well peiAia jwat lAID a IMIIew watar tabla ia aR iRaxp8R&ive !MtAed for c:let&I:AiRiRg 
tile watertallla aeMa ... , h8RC18IIM diFIIIIiaR, 

9iaa*aRtagaa IAalwaa Ita fallawiAg;. 

• A Jaraa aFAOUAt of fereigA W8W or dlilllng ml.ld Ia IAWduc:ed above aAd IA&o the foAMtloA ta ba 
II&Mp!M. 

• detllng II ... -~ defte IR 'JiefY 18ft fefft'latiBFI& wt.iah .. au&ajee& ta Q&YiRg. IJaaa ... el "ia aMRI, I& 
Ia afleA Ret paaalllla te plaae a gMYl aaal alleve Ita aaaeA ta a111WFallat ·.vatar iA •e well is aAI)' 
fftlf" Ita 18M8Red iRMA . 

• lhe diaR Milar ef. Ita aaaiRfJia waY ally liFAitact ta :a iRGtlaa, 

• JatliRg ia &Riy paaai .. le iR 'Jef¥ &aft feFFRBWRI lt.at lila RGt ;aRtaiR DaYidaFa BF SQ8F88 gF&\181, BR~ lhe 
f!leplh liMitatieR is a ~:tails-:; (allawt 30 faa& wiU:Iawt ja& perGYIIIi&R aqwlpFR&R&}. 

• ~ "•"tiliea eJ r;.vatar aM GAIA n••"ecl • 

6.2.1 Drilling with • Hand Auger 

This method Ia applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling. Hand augeri1g can also be considered at locations 
where drll rig access is not possl)le. AD hand auger borings will be performed according to 
ASTM 01452-80. 

Samples should be taken continuously unless otherwiSe specified by the project plan documents. Any 
required sampling is performed by rotation, pressing, or driving In accordance with the standard or 
approved method govemlng use of the particular sampling tool. Typical equipment used fer Am piing and 
advancing shallow "hand auger'' holes are lwan samplers (which are rotated) or post hole diggers {which 
are operated like tongs). These techniques are slow but effactive where lm'ger pieces of equipment do 
not have access, and where very shaDow holes are desired (lass than 15 feet). Surficial lOlls must be 
composed of relatively soft and non-cemented formations to allow penetration by the auger. 
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When soil borings cannot be continued using augers or rotary methods due to the hardness d the soil or 
when rock or large boulders are encountered, driling and sampling can be performed using a cflamOnd bit 
corer in accordance with ASTM 02113. 

Drilling Is done by rotating and applying downwwd pressure to the drill rods and drill bit. The drill bit Is a 
circular, hollow, diamond-studded bit atlached to the outer core barrel In a cloubleHube core bar'rW. The 
use of single-tube core barrels Is not recorrvnendad, as the rotation of the barrel erodes the sample and 
limits Its uae for detailed geologJcal evaluation. water or air Is circul~ down through the drW rods and 
annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts a core 
out of the rock which riles into an inner barrel mounted inside the outer barrel. The inner core barrel and 
rock core are removed by lowering a wire line with a coupling Into the drill rods, latching onto the inner 
barrel and withdrawing the Inner barrel. A less efticlent vaiation of this method utllzes a core barrel that 
cannot be removed without puling all of the drill rods. This variation is practical only If less than 50 faet of 
core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock fonnation to prevent seepage from the overburden Into the hole to be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the project plans. The most 
common core barrel diameters are listed In Attachment A. 

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with a 
Denison or Pitcher sampler. 

When coring rock, including shale and claystone, the speed of the drill and ·the drilling pressure, amount 
and pressure of water, and Jerigth of run can be varied to give the maximum recovery from the rock being 
drilled. Should any rock formation be ao soft or broken that the pieces continually fal into the hole 
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point 
below the broken formation. The siZe of the flush-:joint casing must permit securing the core size 
specified. VVhen soft or broken rock is anticipated, the length of core runs should be reduced to less than 
5 feet to avoid core loss and minimize core disturbance. 

Advantages of core drilling Include: 

• Undisturbed rock cores can be recovered for examination and/or testing. 
• In formations In which the cored hole will remain open without casing, water from the rock fractures 

may be recovered from the well without the instaUation of a well screen and gravel pack. 
• Formation logging is extremely accurate. 
• Drill riga are relatively small and mobile. 

Disadvantages include: 

• Water or air is needed for drilling. 
• Coring is slower than rotary driiUng (and more expensive). 
• Depth to water cannot accurately be determined if water is used for drilling. 
• The size of the borehole is limited. 
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This driling method is useful if accurate determinations of rock lithology are desired or if open wells are to 
be installed Into bedrock. ·To Install larger diameter wells in coreholes, the hole must be reamed out to lhe 
proper size aftar boring, using air or mud rotary driUing methods. 

5.2.11 DrtHing & Support Ve....._ 

In additioA to the drtllng method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and Its suitability for the site terrain, will often be an 
additional deciding factor in planning the drtUing program. The types of vehicles available are extanalve, 
and depend upon the particular drilling subcontractor's fleet Most large drillng subcontractors will have a 
wide variety ·of vehicle and drtll types suited for most drilling assignments in their particular region, while 
smaller driling subconbactora will usually have a fleet of much more Umlted diversity. The weight, ·size, 
and means of locomotion (tires, tracks, elc.) of the drtH rig must be sai8CI8d to be compatible with the site 
temlin to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary support vehicles used to transport water .-tdlor drlllng materials to the drill rigs at the borehole 
locations. When the drill rigs or support vehicles do not have adequate mobility to easly traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drtiUng program. 

Some of the typical vehicles which 81"8 usually available for drill rigs and support equipment are: 

• Totally portable drilling/sampling equipment, where all necessary components (bipods, samplerw, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

- Hand augers and lightweight motorized augers. 
- Retractable plug samplers-driven by hand (hammer). 
- Motorized catheacl - a lightweight aluminum tripod with a small gas-engine cathead mounted on 

one lag, used to install small-diameter cased borings. This rig is sometimes called a "monkey on 
a stick.n 

• Skid-mounted drilling equipment containing a rotary driU or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dlamounted tripod. The skid is pushed, dr:agged, or winched (using the 
cathead drum) between boring locations. 

• Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drllting derrick. On 
some rigs, the drll and/or a cathead are driven by a power take-off from the truck, instead of by a 
separate engine. 

• Track-mounted drilling equipment Is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "waaaee'' 
rigs. 

• Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine 
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground 
sites, the drilling equipment is sometimeS mounted on vehicles having low preuure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 
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In addition to the mobility for the driiUng equipment, similar consideration must be given for equipment to 
support the drilling operations. Such vehicles or floating equipment are needed to transport driU water, 
drillng supplies and equipment, samples, drilling personnel, etc. to and/or from various bori"lg locations. 

6.2. 12 Equipment Sizes 

In planning subsurface exploratiOn programs, care must be taken in specifyi1g the various drilling 
components, so that they will ftt property in the boring or well. 

For drilling open boreholes using rotary drilling equipment, bi-cOne drill bits are employed with air, water 
or driUing mud to remove cuttings and cool the bit. Trk::one bits are slighUy smafllr thm1 the holes they 
drill (i.e., 5-718-inch or 7-718-inch bits will nominally drll 6-inch and 8-inch holes, respectively). 

For obtaining split-barrel samples of a fonnation, samplers are convnonly manufactured in sizes ranging 
from 2 inches to 3-1121nches In outside diameter. However, the most commonly used size 18 the 
2-lnch 0.0., 1-318-h:h 1.0. spUt-barrel sampler. When this sampler is used and driven by a 140-pound 
(:t: 2-pound) hammer droppir:tg 30 inches (:t: 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to adVance the sampler into the formation can be correlated to the 
formation's density or strength. 

In planning the dHIIIng of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selectBd must be stated in the project plan doa.lmants. 

. 5.2.13 Eatlmated Drifting Progrwa 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

• The speed of the drilling method employed. 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, ru~ble fill or broken rock, etc.). 

• Project-imposed restrictions (e.g., driUing while wearing personal protective equipment. 
decontamination of drilling equipment. etc.). 
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Basad on recent expertance in dnlllng average soil conditions (no boulden) and taking samples at 5-
fcot lnten(als, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the fallowing daily rates of total drtHing progress may be ~ticlpated for the following driUing 
methods: 

Drilling Method AV8f'llle o.Dy Prog,... 
(linear feet) 

Hollow-stam augers 75' 

Solk:l-atam augers 50' 

Mud-Rotary OriUing 1 00' (cuttings aamptes) 

Rotosonlc Oriling 1 oa-1ea (continuous .con!t) 

Reverse-Circulation Rotary 1 00' (cuttings saqJies) 

Skid-Rig with driven casing 30' 
Rotary with driven casing 50' 
cable Tool 30' 
Hand Auger Varies 
Continuous Rock Cortng 50' 

5.3 Prevention of Craa-Conllunlnatlon 

A telescoping or multiple casing technique minimize$ the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. · The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutllng or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger casing Is used) or. by using a 
driven-casing method (see Section 5.2.6 of this guideline) and ins1alling a specified diameter steel well 
casing. The operation consists of three separate steps. lnltlaUy, a driAng casing (usually of IHnch 
diameter) is Installed followed by lnstaHation of the well casing (6-tnch-dlametar is common for 2-lnch 
waRs). This well casing is driven I~ the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement sluny. The remai\ing depth of the boring 
is drilled utilizing a n.-rower diameter spun or driven casing tachnique within the outer well casing. A 
smaler diameter well casing with an appropriate length of slotted screen on the lower end, is Installed to 
the surface. 

Clean sand is placed in the amulus around and to a point of about 2 feet above the screen prtor to 
withdrawal of the drtiRng casing. The annular apace above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a trenied cement-bentonite sluny which is pressure-grouted 
or displacement-grouted Into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted an the way to the surface. 

&A CIHnout of Cuing Prior to Sampling 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhertng to the Inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 
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For disturbed samples both above and below the water table 81d Where introduction of relatively large 
volumes of wash water Is permissibla, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downwarckilrected jet which wiU disturb the undertytng soil. When ~ out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles. 
In formations where the cuttings contain gravel and other larger particles, It Is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upwald out of the hole. As a time saver, the driRing contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon Is not disturbed and the shoe of the spoon Is not damaged. However, because the baU check 
valve has been removed, In some fcrmatlons It may be necessary to install a flap valve or spring sample 
retsina- In the spOt-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 
hole. The use of jet-type chopping bits is discouraged except where large boulders and cObbles or hard­
cemented soDs are encountered. If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out Is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to 
carry the removed soH to the surface. In this manner, there is a minimum of disturbance at the top of the 
material to be sampled. If any gravel material washes down into the casing and cannot be removed bY. 
the clean ollt auger, a split--barrel sample can be taken to remove it; bailers and sandpurnps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

If all of the cuttings created by driUing through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encounta'ad during sampling Include: 

• VVhen sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings. This Omits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

• If the cuttings remaining in the borehole contain coarse gravel andlor other large particles, these may 
block the bit of the sampler and prevent any materials from the underlying formation from entering the 
sampler when the sampler Is advanced. 

• In cased borings, should sampling be attempted through cuttings which remain in the lower portion of 
the casing, these cuttings could cause the sampler to become bound Into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole wiD usually give enoneously high sample blatv 
counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the •stiCkup" of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the dril string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface. The difference of these measurements .Is the 
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (Installed depth of casing or depth of borehole drilled). If 
the length of drill string below grade Is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, ·and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade Is less than .the drUied or casing depth, the difference represents the thickness of 
cuttings which remain In the borehole. In most cases, an Inch or two of cuttings may be left In the 
borehole with little or no problem. However, If more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

5.5 -...rea .. ot Conatructlon 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
deacribed and/or referenced In SOP GH-2.8. However, there are several materials used during driUing, 
particularly driiHng fluids and lubricants, which must be used with care to avoid compromlsi1g the 
representativeness of soli and ground water samples. 

The use of synthetic or organic polymer slurries Is not permlttsd at any location where soU samples lor 
chemical analylls ant to be collected. These slurry materials coUld be used for lnatallatJon of long-term 
monitoring wells, but the earfy time data In time series collection of ground water data may then be 
suspect If synthetic- or organic polymer muds are prapoaed lor use at a given sit&, a complete wrttten 
justification including methods and procedures for tlielr use must be provided by the alta geologist .,d 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

For many drilfing operations, potable water Is an adequate lubricant for drill stem and drilling tool 
connections. However, there are Instances, such as drilling In tight clayey formations or In loose gravels, 
when threaded coupHngs must be lubricated to avoid binding. In these instances, to be determined in the 
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-baaed lubricant should be used, Petroleum based greases. 
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 

5.8 Subaurface Soli Sample! 

Subsurface soH samples are used to characterize subsurface stratigraphy. This charactelizatlon can 
indicate the potential for migration of chemical contaminants iri the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where ·the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of Interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, comp~ibility, permeability, plasticity, unit 
weight, and moisture content are some of ~ physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described In· this procedure. The tests can be used to estimate various physical 
and engineering parameters such as relative density, unconfined compressive strength, and consoldation 
characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. The choice of techniques is based on a 
large number of variables such as cost, local geology, etc. The final choice of methods must be made 
with the assistance of driUing subcontractors famUiar with the local geologic conditions. Alternative 
techniques must be based upon . the l.lldertying principles of quality assurance Implicit In the folowing 
procedures. 

The CME continuous sample tube system provides a method of sampling soil continuously during hollow­
stem augerlng. The 5-foot sample barrel ftts within the lead auger of a holow-auger column. The 
sampling system can be used with a wide range of 1.0. hollow-stem augers (from 3-1/4-lnch to 
8-1/4-lnch 1.0.). This method has been used to-sample many different materials such as glacial drift, hard 
clays and shales, mine tailings, etc. This method Is partlcular1y used when SPT samples are not required 
and a large volume of material Is needed. Also, this method is useful when a visual description of the 
subsurface lithology Is required. Rotosonlc drilling methods also provide a. continuous soil sample. 

5.7 Rock Sampling CCoring) (AITM 02113-83) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all 
lithologic changes and characteristics. Because coring is an expensive drilling method, It Is commonly 
used for shallow studies of 500 faet or less, or for specific Intervals In the drill hole that require detailed 
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet continuously, 
depending on the size of the drill rig, arid yields better quality data than air-rotary driRing, although at a 
substantiaDy raduc:ed driiUng rate. Rate of drilling varies widely, depending on the characteristics of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment Average 
output in a 1 0-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or tSievislon 
camera monitoring Is sometimes used to complement the data generated by coring. 

Borehole diameter can be driUed to various sizes, depending on the Information needed. Standard sizes 
of core barrels (sl1oW!ng core diameter) and casing are shown In Figure 1. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
conti'luous solid sample Is desired. Usually, soil samples are. used for overburden, and coring begins In 
sound bedrock. Casing Is set Into bedrock before coring begins to prevent loose material from entering 
the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 

Drilling through bedrock Is initiated by using a diamond-tipped core bit threaded to a drill rod (outer cora 
barrel) with a rate of driiUng determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the bo!&hOie. and the characteristics of the reck (mineralogy, cementation, weathering). 
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FIGURE.1 

STANDARD SIZES OF CORE BARRELS AND CASING 

Coring Bit Size Nominal* Sets.-
O.D. I. D. O.D. I .D. 

RWT 1 5132 314 1.160 0.735 

EWT 1 112 29132 1.470 0.905 

EX. EXL, EVVG, ENM 1 112 13116 1.470 0.845 

Awr 1 718 1 9/32 1.875 1.281 

AX, AXL, AWG, AWM 1 718 1 3/16 1.875 1.185 

BWr 2318 1 314 2.345 1.750 

BX. BXL, BWG, B'NM 2 3/8 1 518 2.345 1.655 

NWr 3 2 5116 2.965 2.313 

NX. NXL, NWG, NWM 3 2 1/8 2.965 2.155 

HWr 3 29132 3 3116 3.889 3.187 

H\NG 3 29132 3 3.889 3.000 

2 3/4 )( 3 718 3 718 2 314 3.840 2.690 

4 X 5 1/2 5 1/2 4 5.435 3.970 

6 X 7 3/4 7 314 6 7.655 5.970 

AX Vllire line _j_j 1 7/8 1 1.875 1.000 

BX V\llre line _J__J 2 318 1 7/16 2.345 1.437 

NX Vllire line I I 3 1 15116 2.965 1.937 

• All dimensions are in inches; to convert to millimeters, multiply by 25.4 . 

I I Wire line dimensions and designations may vary according to manufacturer. 
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FIGURE1 
STANDARD SIZES OF CORE BARRELS AND CASING 
PAGE TWO 

Size o.lgnldlona Calng Approxlm8t8 Core 
Coupling Dlamet8r 

C..lng; Rod; rod O.D., LD., Cont Normal, Tblnwall, 
Casing couplings CMing Inches Inches ca.eng bamtl Drll rod Inches ~ 

coupling; O.D., bltO.D., bltO.D., O.D., 
c..mg Inc: h .. Inches Jnc:h•* Inc:-

blla; Cont blrrel.,... 
RX RW 1.437 1.437 1.188 1.485 1.160 1.094 - 0.735 

EX E 1.812 1.812 ' 1.500 1.875 1.470 1.313 0.845 0.905 

AX A 2.250 2.250 1.906 2.345 1.875 1.625 1.185 1.281 

BX B 2.875 2.875 2.375 2.965 2.345 1.906 1.855 1.750 

NX N 3;500 3.500 3.000 · 3.615 2.985 2.375 2.155 2.313 

HX HW . 4.500 4.500 3.938 4.625 3.890 3.500 3.000 3.187 

RW RW 1.437 1.485 1.160 1.094 - 0.735 

EW EW 1.812 1.875 1.470 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 

BW BW 2.875 - t 2.965 2.345 2.125 1.655 1.750 
c:: 

NW NW 3.500 ·c; 3.615 2.965 2.625 2.155 2.313 ..., ::s 
HW HW 4.500 .s:: 8 4.625 3.890 3.500 3.000 3.187 CD 

::::J 
0 PW - 5.500 iL z 5.650 - - - -

sw - 6.625 6.790 - - - -
lMI - 7.625 7.800 - - - -
1)N - 8.625 8.810 - - - -
- AX_j_\ - - - - 1.875 1.750 1.000 -
- BX_j_\ - - - - 2.345 2.250 1.437 -
- NX__j_\ - - - - 2.965 2.813 1.937 -

* AB dimensions are in inches; to convert to millimeters, muliply by 25.4. 

I I Wire line dimensions and designations may vary according to manufacturer. 

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES. 
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-

D-2889 
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A penetration of typically less than 6 Inches par 50 blows using a 140-lb. hanvner dropping 30 inches with 
a 2-lnch split-barrel sampler shall be considered an indication that soli sampling methods may not be 
applicable and that coring may be necessary to obtain samples. 

When formations are enoount&rad that are too hard to be sampled by soil sampling methods, the-following 
diamond core drDiing procedure may be used: 

• Firmly seat a casing into the bedrock or the hard matarial to prevent loose materials from entering the 
hole and to prevent the Joss of drilling fluid return. Level the surface of the rock or hard malarial when 
necessary by the use of a fishtaB or other bits. If the drill hole can be retained open without the casing 
and if cross-contamination of aquifers in the unconsolidated matarlals Is unlikely, leveling may be 
omitted. 

• Begit1 the cora driling using a double-tube swivel-core barrel of the desired size. After drlllng no 
men than 10 feet (3 m), remove the core barrel from the hole and take o!Jl the core. If the cora 
blocks the flow of the drDiing ftuid during driDing, remove the core barrel immedlataly. In soft 
materials, a large starting size may be specified fo{ ihe coring tools; where local experience Indicates 
satisfactory core recovery or where hard, sound materials are anticipated, a smaller size or the single­
tube type may be specified and longer runs may be drilled. NXINW size coring equipment is the most 
commonly used size. 

• When soft materials are encountered that produce less than 50 percent recovery, stop the core 
drilling. If soil samples are desired, secure such samples in accordance with the procedures 
described In ASTM Method 0 1586 (Split-barrei ·Sampfing) or in Method D 1587 (Thin-Walled Tube 
Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling when refusal materials are 
again encountered. 

• Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are among 
the most important items to be detected and desaibed, taka special care to obtain and record these 
features. If such broken zones or cavities prevent further advanca of the boring, one of the following 
three steps shall be taken: (1) cement the hole; (2) ream~ case; or (3) case and advance with the 
next smaller size core barrel, as conditions warrant. 

• In soft. seamy, or otherwise unsound rock, where cora recovery may be difficult, M-dasign core 
barrels may be used. In hard, sound rock where a high percentage of c:Ore recovery is anticipated, 
the single-tube core barrel may be employed. 

5.7.2 Rock Sample Praparatlon and Docwne11tat1on 

Onca the rock coring has been completed and the core recovered, the rock core shall be carefully 
removed from the barrel, placed In a core tray (previously labeled "top" and "bottom" to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quaDty designation (RQD). Each 
core shall be described, classified, and logged using a uniform system as presented In SOP GH-1.5. If 
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay 
formations) or oxidation of the cora, the cora shaD be wrapped in plastic sleeves immediately after 
Jogging. Each plastic sleeve shall be labeled with indeDble ink. The boring number, run number, and the 
footage represented in each sleeve shall be included, as well as designating the top and bottom of the 
core run. 
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After sampling, rock cores shall be placed In the sequence of recovery in welk:onstructed wooden boxes 
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same 
core box unless acceplad by the Project Geologist The core boxes shall be constructed to acc:omrnodate 
at leaSt 20 linear feet of core In rows of approximately 5 faet each and shall be·constructed with hinged 
tops secured with saews, and a latch (usually a hook and eye) to keep the top securely fastened down. 
Wood partitions shall be placed at the end of each core run and between rows. 

The depth from the surface of the boring-to ·the top and bottom of the drill run and run number shal be 
mar1<ed on the wooden partitions with indelible Ink. A wooden partition (wooden block) shall be placed at 
the end of each run with the depth of the bottom of the run written on the block. These blocks will serve to 
separate successive core runs and indicate deplh Intervals for each run. The order of placing cores shall 
be the same in all core boxes. Rock core shall be placed in the box so that, when the box is open, with 
the Inside of the lid facing the observer, the top of the cored intarval contained within the box is In the 
upper left comer of the box, and the bottom of the cored interval is in the lower right comer of the box. 
The top and bottom of each core obtained and its true depth shall be clearly and permanently marked on 
each box. The width of each rrNt must be compatible with the core diameter to prevent lateral 1'11CH8ment 
of the core In the box. Similarly, an empty space In a rrNt shall be filled with an appropriate filer material 
or spacers to prevent longitudinal movement of the core In the box. 

The inside and outside of the cora-box lid shall be marked by indelible ink to show an pertinent data on the 
box's contents. At a minimum, the following information shaH be included: 

• Project name. 
• Project number. 
• Boring number. 
• Run numbers. 
• Footage (depths). 
• Recovery. 
• RQD (%). 
• Box number and total numbet of boxes for that boring (Example: Box 5 of 7) . . 
For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number, boring number, top and bottom depths of core and box number. 

Prior to final closing of the core box, a photograph d the recovered core and the labeling on the Inside 
cover shall be taken. If moisture content is not critical, the .core shaD be wetted and wiped clean for the 
photograph. (This will help to show true colors and bedding features in the cores). 

6.0 REFERENCES 

Acker Drill Co., 1958. Basic Procedures of Soil Sampling. Acker DriU Co., Scranton, Pennsylvania. 

American Institute of Steel Construction, 1978. Manual of Steel Construction, 7th Edition. American 
Institute of S1eel Construction, New York, New York. 

American Society for Testing and Materials, 1987. ASTM Standards D1587-83, 01586-84, and D1452-
80. ASTM Annual Book of Standards, ASTM, Philadelphia, Pennsylvania, Vol. 4.08. 

American Society fQr Testing and Materials, 1989. Standard Practice for Diamond Core DriUing for Site 
Investigation. ASTM Method 02113-83 (reapproved 1987), Annual Book of Standards, ASTM, 
Philadelphia, Pennsylvania. 
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ATTACHMENT A 
. 

DRILLING EQUIPMENT SIZES 

Drilling Component Designation or O:D. I. D. Coupling J.D. 
Hole Size (Inches) (Inches) (Inches) (Inches) 

Hollow stem aJgerS (Ref. 7) 6 1/4 5 2 1/4 

6 314 5 314 2 3/4 -
7 1/4 6 1/4 3 1/4 -
13 1/4 12 · 6 -

Thin Wall Tube samp~ers - 2 1 718 -
(Ref. 7) 

- 2 112 2318 -
- 3 2 7/8 -
- 3112 3318 -
- 4 112 4318 -
- 5 4 314 -

Drill Rods (Ref. 7) RW 1 3132 23132 13132 
EW 1 318 15116 7/16 
AW 1 314 1 1/4 518 
BW 2 1/8 •1 314 314 

NW 2518 2 1/4 1 318 

HW 3 112 3 1/16 2 3/8 

E 1 5116 718 7/16 

A 1 518 1 1/8 9/16 

B 1 7/8 1 1/4 518 
N 2318 2 1 

Wall Thickness 
(Inches) 

Drtven ExtBmal Coupled Extra 2 112 2.875 2.323 0.276 
Strong Steel* Casing {Ref. 8) 

3 3.5 2.9 0.300 

3 112 4.0 3.364 0.318 

4 4.5 3.826 0.337 

5 5.63 4.813 0.375 

6 6.625 5.761 0.432 

8 8.625 7.625 0.500 

10 10.750 9.750 0.500 

12 12.750 11.750 0.500 

• Add twice the casing wall thickness to casing d .D. to obtain the approximate 0 .0. of the external 
pipe mupllngs. 
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Dril6ng Component Designation or 0.0. I.D. Coupling 1.0. 
Hole Size (Inches) (lnchn) (lnch~t&) 
(Inches) 

Flush Coupled Casing RX 1 7/16 1 3116 1 3116 
(Ref. 7) 

EX 1 13116 1 518 1 1/2 

AX 2 1/4 2 1 29132 
BX 2 718 2 9116 2318 

NX 3 1/2 3 3116 3 
HX 4 1/2 41/8 3 15116 

Rush Joint casing (Ref. 7) RW 1 7/16 1 3116 

EW 1 13116 1 112 

AW 2 1/4 1 29132 

BW 2 7/8 23/8 

tltN 3 1/2 3 

HW 4 1/2 4 

PW 5 1/2 5 

sw 6518 6 

uw 7518 7 
Z)N 8518 8 

Diamond Core Barrals EWM 1 1/2 7/Pr 
(Ref. 7) 

AWM 1 718 1 118 .. 

BVVM 23/8 1 518 .. 

NWM 3 2 1/8 

H'NG 3 7/8 3 

2 314 X 3 7/8 3 718 2 11/18 

4 X 5 112 51/2 3 15116 

8 X 7 3/4 7 314 5 15116 

AQ (wiraDne) 1 57164 1 1/18** 

BQ (wirellne) 223184 1 7/16** 

NQ (w.lrallne) 2 83184 1 7/8 

HQ (wireline) 3 25132 2 1/2 

** Because of the fragile nabn of the core and the difficulty to identify rock details, use of smaR- ' 

diameter core (1 3/8") Is not recommended. 

019611/P Tetra Tach NUS, Inc. 



STAN;DARD 
OPERATI·NG 

PROCEDURES 

Number 
GH-1.5 

Effective Date 

06/99 
Applicability 

Page 

Revision 

Tetra Tech NUS, Inc. 

1 of20 

1 

Prepared 
Earth Sciences Department TETRA TECH NUS, INC. 

Approved J) 
D. Senovich 

Subject 
BOREHOLE AND SAMPLE LOGGING 

TABLE OF CONTENTS 

SECTION. PAGE 

1.0 PURPOSE ................................................................................... ~~··· ............................................... 3 

2.0 SCOPE ..................................................................................... - ....................................................... 3 

3.0 GLOSSARY ........................................................................................................................................ 3 

4.0 RESPONSIBIUTIES ......................................................................................................................... -3 

5.0 PROCEDURES .................................................................................... ~ ......................................... -3. 

5.1 MATERIALS NEEDED ................................................................................................... 3 
5.2 CLASSIFICATION -OF SOILS .................................... .................................................... 3 
5.2.1 uses Classification ......................................................................... ............. .. ... .... .. ... .. . 6 
5.2.2 Color .............................. ........ .... ........ .. ........................................................................... 6 
5.2.3 Relative Density and Consistency .................................................................................. 6 
5.2.4 Weight Percentages ... .. ............ .. ...... .. ....................................................................... ..... 7 
5.2.5 Moisture ........................................................................................................................ 10 
5.2.6 Stratification ....... ................... .. ...................................................................................... 10 
5.2.7 Texture/Fabric/Bedding ................................................................................................ 10 
5.2.8 Summary of Soil Classification ................................................................................. .. .. 10 
5.3 CLASSIFICATION OF ROCKS .................................................................................... 13 
5.3.1 Rock Type ................................. .......... .. ........................................................................ 13 
5.3.2 Color ............................................................................................................................. 16 
5.3.3 Bedding Thickness ........... .. ...... .............. ............................................................ ..... ..... 16 
5.3.4 Hardness .................................. .................................................................................. .. 16 
5.3.5 Fracturing ...................................................................................................................... 16 
5.3.6 Weathering ............................................................... .................................................... 17 
5.3.7 Other Characteristics ................................................................................... , .............. .. 17 
5.3.8 Additional Terms Used in the Description of Rock ....... .. .............................................. 18 
5.4 ABBREVIATIONS ......................................................................................................... 19 
5.5 BORING LOGS AND DOCUMENTATION ................................................................... 19 
5.5.1 Soil Classification .................................................. ........ .. .. .. ........ .. ............................... 19 
5.5.2 Rock Classification ....................................................................................................... 23 
5.5.3 Classification of Soil and Rock from Drill Cuttings ............... .. ... ................................. .. 24 
5.6 REVIEW .......................................................... .............................................................. 24 

6.0 REFERENCE.$ ...................................................................................... ~ ......................................... 24 

7.0 RECORDS ······················································································-···············································-25 

019611/P Tetra Tech NUS, Inc. 



Subject Number Page 
GH-1.5 2 of20 

BOREHOLE AND SAMPLE LOGGING Revision Effective Date 
06/99 

NUMBERS 

019611/P 

1 
2 
3 
4 
5 

1 

TABLE OF CONTENTS (Continued) 

FIGURES 

PAGE 

BORING LOG (EXAMPLE) ................. .. .. .. .. .. .................. .. ............... ........... .. .. ................ 4 
CONSISTENCY FOR COHESIVE SOILS ..................... ... ............... .. ... .. ......................... 8 
BEDDING THICKNESS CLASSIFICATION .............................................................. .... 10 
GRAIN SIZE CLASSIFICATION FOR ROCKS .... : ............ .................................. .. ..... .. . 12 
COMPLETED BORING LOG (EXAMPLE) .......... .......... ......... .. .. ... ..... ... .... .... ..... · .. .. .. .. . .".17 

Tetra Tech NUS, Inc. 



Subject Number 

BOREHOLE AND SAMPLE LOGGING Revision 

1.0 PURPOSE 

GH-1.5 

1 

Page 
3 of20 

Effective Date 
06/99 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification ~y careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILmES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

• Rock hammer 
• Knife 
• Camera 
• Dilute hydrochloric acid (HCI) 
• Ruler (marked in tenths and hundredths of feet) 
• Hand Lens 

5.2 Classification of Solis 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 
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PROJECT NAME: -------------BORING NUMBER: · 
PROJECT NUMBER: DATE: -------------
DRILLING COMPANY: -------------GEOLOGIST: ------------

DRIWNG RIG: DRILLER: 
- - - - -----==::::::MA~:rE~RI;:;A:;:L::;;D;:;ES~C;;;;R:;IPTl~O;;N;_::::,,:_ 
...... Doplh _, ...... 

Utloloe ---
........ 11'1.1 r---'!Wo., .. !Ill ...... 

- - u.,.. 
.~--- -.,,._..,, - ., ,...._. 
- ...=.. 

........ , W Ult 

u 
s 
c 
s 

Rernarb 

______ ,+ .... - - -

-~----

- ---~-

-- -- --------------~f---1----------

---- -- ---------------~f---1------------.;,..:;-cm.g._""*-;;;;;....- - - _________ ,,& 

"l_manllor......,.lna---o-. --.."-'"Yif---. 
Remarks: 

·------ - .__ -
Driling Area 

Background (ppm):c==J 

Convertad to Well: Yes No Weiii.D. #::----------------------
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Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis .of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respectiVe behaviors. Organic material (0) is a common component 
of soil but has no size range; it is recognized by its composition. The careful study of the uses will aid in 
developing the competence and consistency necessary for the classification of spils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term "rock fragments" is used it shall be followed by a size designation 
such as "(1/4 incM>-1/2 inchc!>)" or "coarse-sand size" either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist Soil samples shall be brokel") or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled'' shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first Identify the soil type. 
Granular soils contain predominantly sands and gravels. 'They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 

019611/P Tetra Tech NUS, Inc. 
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Designation 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

Standard Penetration 
Resistance 

(Blows per Foot) 

Oto4 

5 to 10 

11 to 30 

31 to 50 

Over 50 

Effective Date 
06/99 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained ·by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or If rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the uses classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the uses classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

019611/P 

Trace 

Some 

Terms of Identifying Proportion of the 
Component 

Adjective form of the soil type (e.g., "sandy") 

Defining Range of 
Percentages by Weight 

0 - 1 0 percent 

11 - 30 percent 

31 - 50 percent 

Tetra Tech NUS, Inc. 



Subject Number Page 
GH-1.5 8 of20 

BOREHOLE AND SAMPLE LOGGING Revision Effac:tlve Date 
1 06/99 

FIGURE2 

CONSISTENCY FOR COHESIVE SOILS 

Consistency Standard Unconfined Field Identification 
Penetration Compressive 
Resistance Strength 
(Blows per (Tons/Sq. Foot by 

Foot) pocket 
penetration) 

Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist 

Soft 2 to4 0.25 to 0.50 Easily penetrated several inches by 
thumb 

Medium stiff 4to 8 0.50 to 1.0 Can be penetrated several inches by 
thumb with moderate effort 

Stiff 8to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail 

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 

I 
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• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
• Fine sandy sil~ trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist; wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used for 
stratification description is shown in Figure 3. 

5.2. 7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles {i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted {e.g., 
stratified, lensed, nonstratified, heterogeneous varved). 

5.2.8 Summary of Soli Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The 
hierarchy of classification is as follows: 

• Density and/or consistency 
• Color 
• Plasticity {Optional) 
• Soil types 
• Moisture content 
• Stratification 
• Texture, fabric, bedding 
• Other distinguis~ing features 

019611/P Tetra Tech NUS, Inc. 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thlcknesa Thicknesa Classification 
(metric) (Approximate 

English Equivalent) 

> 1.0 meter > 3.3' Massive 

30 em - 1 meter 1.0'- 3.3' Thick Bedded 

10cm- 30 em 4" -1 .0' Medium Bedded 
3 cm-10cm 1" -4" Thin Bedded 

1cm-3cm 2/5"- 1" Very Thin Bedded 

3 mm-1 em 1/8"- 2/5" Laminated 

1 mm-3mm 1/32" -1/8" Thinly Laminated 

< 1 mm <1/32" Micro Laminated 

{Weir, 1973 and Ingram, 1954) 
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Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

• Sandstone- Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

• Claystone- Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

• Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

• Limestone - Rock made up predominantly of calcite (CaC03). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 

• Color 
• Bedding thickness 

• Hardness 

• Fracturing 

• Weathering 
• Other characteristics 

5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden­
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the USCS subdivision for soil dassification. For field determination of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 
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FIGURE4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name Grain Size Diameter 

Cobbles >64mm 

Pebbles 4-64 mm 

Granules 2-4mm 

Very Coarse Sand 1-2 mm 

Coarse Sand 0.5-1 mm 

Medium Sand 0.25-0.5 mm 

Fine Sand 0.125-0.25 mm 

Very Fine Sand 0.0625- 0.125 mm 

Silt 0.0039- 0.0625 mm 

AfterVVentNorth, 1922 
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The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

• Soft- Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

• Medium soft - Slight erosion of core, slightly gouged -by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

' 
Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock Itself), while a gouge Is much deeper. 

5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating drilling breaks, the average spacing is calculated a·nd the fracturing is described by the 
following terms: 

• Very broken (V. BR.)- Less than 2-inch spacing between fractures 
• Broken (BR.)- 2-inch to 1-foot spacing between fractures 
• Blocky (BL.)- 1- to 3-foot spacing between fractures 
• Massive (M.)- 3 to 10-foot spacing between fractures 
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Th~ structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD} of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964} 

RQD % = r/1 x 1 00 

r = Total length of all pieces of .the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling}, 
friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also .useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

• Fresh - Rock shows liWe or no weathering effecl Fractures or joints have liWe or no staining and rock 
has a bright appearance. 

• Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
joints may occur. Feldspar grains may show some alteration. 

• Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

• Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 
becoming a soil. Rock is very weak. 

5.3.7 Other Characterlatica 

The following items shall be included in the rock description: 

• Description of contact between two rock units. These can be sharp or gradational. 
• Stratification (parallel, cross stratified}. 
• Description of any filled cavities or vugs. 
• Cementation (calcareous, siliceous, hematitic}. 
• Description of any joints or open fractures. 
• Observation of the presence of fossils. 
• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
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• Some - Indicates significant ( 15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone - some 
shale seams." 

• Few- Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone- few 
shale seams·." 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

• lnterlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

• Rhyolite- A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

• Diorite -A coarse-grained plutonic rock consisting essentially of sadie plagioclase and hornblende. 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic ~ames that are applied to metamorphic rocks: 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz, and sericite. 

• Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition . 

. • Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

• Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement 
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Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

c - Coarse Lt - Light Yl - Yellow 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky ss - Sandstone 

v - Very M - Massive Sh - Shale 

Sl - Slight Br - Brown LS - Limestone 

Occ - Occasional Bl - Black Fgr - Fine-grained 

Tr - Trace 

5.5 Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be.used.to complete-the-logs. A sample boring log 
has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet. for field use. 

5.5.1 Soli Classification 

• Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

• Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block= 1 foot}. Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration 
Resistance} diagonally (as shown}. Standard penetration resistance is covered in Section 5.2.3. 

• Determine sample recovery/sample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

• Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment This information is helpful in the constrUction of cross-sections. As an alternative, 
symbols may be used to identify each change in lithology. 

• The density of granular soils is obtained by adding the number of blows for the last two increments. 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the 
appropriate column. Refer to Section 5.2.3. 
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• Enter color of the material in the appropriate column. 

• Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: 

- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 -50 percent 

• Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic 
material, etc. 

• Enter uses symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols ·separated by a slash. For example· 
MUCL or SM/SP. 

• The following information shall be entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

- · Moisture- estimate moisture content using the following terms -dry, moist, wet and saturated. 
These terms are determined by the Individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

Reaction with HCI - none, weak, or strong. 

• Additional comments: 

Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FID) reading if 
applicable. 

- Indicate any change in lithology by drawing a line through. the lithology change column and 
indicate the depth .- This will help when cross-sections are subsequently constructed. 

- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changes in drilling method) . 
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to ind~e consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 

- Indicate screened interval of well, ·as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

5.5.2 Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. 
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

• · Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms 
as needed. ·For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

• The following information shall be entered under the remarks column. Items shall include but are not 
limited to the following: 

- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 
high, low), i.e., 70° angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

• Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
- Depth casing was set. 
- Type of rig used. 

• As a final check the boring log shall include the following: 

019611/P 

Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

If applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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5.5.3 Clasaification of Soli and Rock from Drill Cuttings 

Effective Date 
06/99 

The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on 
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 
subsurface lithology. Some procedures that shall be foUowed when logging cuttings a~: 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag O.e. hole number, depth, date,. etc.). Cuttings shall be closely 
examined to determine general lithology. 

• Note any change in color-of drilling fluid or cuttings, to estimate changes in lithology. 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings -drilled using air/mud 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

• Checking for consistency of all logs. 
• Checking for conformance to the guideline. 
• Checking to see that all information is entered in their respective columns and spaces. 

6.0 REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2488, 1985. 

Earth Manual, U.S. Department of the Interior, 197 4. 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types of 
actMties. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

3.0 GLOSSARY 

Electromagnetic Induction CEMD Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Magnetometer- A device used for precise and sensitive measurements of magnetic fields. 

Magnetic Survey - A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection - A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer- A magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetrating Radar - Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 

019611/P Tetra Tech NUS, Inc. 



Subject Number Page 
HS-1.0 3of 15 

UTILITY LOCATING AND 
EXCAVATION CLEARANCE 

Revision 
2 

Elfectlve Date 
12103 

4.0 RESPONSIBILITIES 

Project Manager CPMlfTask Order Manager <TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manager CSMl/Field Operations Leader (FOll - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 

Site Health & Safety Officer CSHSOl - Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 

Health & Safety Manager CHSM) - Responsible for preparing, Implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel- Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM!TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

2., 

019611/P 

A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site plan/maps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, aspha!Vconcrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PM/TOM. 

3. If the planned work is to be conducted on private property (e.g., military installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

4. If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

6. 

7. 

8. 

019611/P 

white 
red 

yellow 
orange 

blue 
green 

excavation/subsurface investigation location 
electrical 
gas, oil, steam 
telephone, communications 
water, irrigation, slurry 
sewer, drain 

Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
gfoundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. All repairs require that the line be 
locked-out/tagged-out prior to work. 

Tetra Tech NUS, Inc. 
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If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, Isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltage Minimum Clearance 
0 -50 kV 1 0 feet, or one mast length; whichever is greater 

50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

·&.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar. 
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPs included in the 
References (Section 8.0). 

Electromagnetic Induction 

Electromagnetic Induction (EMI) lin~ locators operate either by locating a background signal or by locating 
a signal introduced into the utility line using a transmitter. A utility line acts like a radio antenna, producing 
electrons, which can be picked up with a radiofrequency receiver. Electrical current carrying conductors 
have a 60HZ signal associated with them. This signal occurs in all power lines regardless of voltage. 
Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which can be 
picked up with an EM receiver. A typical example of this type of geophysical equipment is an EM-61. 

EMI locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp. 
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with. A good example of this type of equipment is the 
Schonstedt® MAC-51 B locator. The MAC-51 B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys. 

When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used. 
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 

019611/P Tetra Tech NUS, Inc. 
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Magnetic locators operate by detecting the relative amounts of buried ferrous metal. They are incapable 
of locating or Identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines. A typical example of this type of equipment Is 
the Schonstedt® GA-52Cx locator. The GA-52Cx is capable of locating 4-inch steel pipe up to B feet 
deep. 

Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line. A signal 
is then introduced to the snake that is then traced. 

Ground Penetrating Radar 

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter. Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture. In general, an object 
which is harder than the surrounding soil will reflect a stronger signal. Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil. Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. gas, 
electrical vs. telephone); hence, verification may be necessary using other methods. This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 

6.2 Paaalve Detection Surveys 

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines. A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer. Acoustics may also be applicable to determine the 
location of plastic gas lines. 

Thermal Imaging 

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor. The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line. 

The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance. In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches. High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 

6.3 Intrusive Detection Surveys 

Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1' x 1' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers, 
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of 
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used 
at the proposed site location to excavate below the "utility window" which is usually 8 feet. 

Hand Excavation 

When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non­
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used. A tile probe is a "T"-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location. Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors. Tile probes must be performed to the same depth 
requirements as previously specified. As with other types of hand excavating activities, the use of a non­
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 

7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance. 

3. 

4. 

019611/P 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

Notify "One Call" service. If possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 

Tetra Tech NUS, Inc. 
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5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 
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........ 
Alllbema One-Call 
1~-8525 

AIIIU 
LOOIIIII C.D Center of Alalka, Inc. 
1-801)..478-3121 

Arizona 
Arizona Blue Stake 
1-800-7112-15348 

AIDnNI 
Altcalut One Cral ~. Inc. 
1-800-482-1191111 

Callfomla 
UndelgiOIUICI Setvlce Alett Noltll 
1-«JJ.227-2800 
UndeJVIOIIIId 8eiYioe Alelt d 8ouiMnl 

CIIIDmla 
1-800-227-2:600 

Colorado 
IJIIIty Nollllcltlon Center of Colorado 
1-800-922-1987 

Comwctlcut 
Cd Befom You 019 
1-800-922-4o456 

fllll--. 
Mia& Ullly of DftnaMI 
1-1100-282-85115 

Florldll 
Slnhlne Sllll8 One-Call of Florida. Inc. 
t..aoo-432-4170 

Georgia 
Unde!Vrouncl Proteetlon Cenblr, Incl. 
1-800-282-7411 

Hawd 
Underground Senric:e Alelt Norlh 
1-800-227-2800 

Idaho 
Olg Une Inc. 
1-800-342-1!86 
Kootenai County an.c&D 
1-80()..428.4850 
~- BeNwah One-Call 
1-800-388-328& 

Jilin«* 
JUliE, Inc. 
1-800-892.0123 
Digger (Chk:ago UtiNty Alert Network) 
312-744-7000 

Indiana 
Indiana Underg10111d Plant Prolecllon 

SeiYice 
1-800-382-5544 

ONE.CALL 8YSTEIIS JNTIRNA110NAL 
CONDENSED DIRECTORY 

ICIWI 
•-an.c.~ 
1..acJ0.292-8889 

KMUa 
1<11- One-Cal8yll8m, Jne. 
1~7233 

K8ntuokJ 
Kentucky Ullderground PIOI8Ctlon Inc. 
HIOD-752-fl007 

Loulalllna 
Loul.arw. OneCIII Syllem,lnc. 
1-«Jo-272-3020 

llllne 

~=·•no. 
u.rytand 
MIA lJtlly 
1..aoo.:l57-7777 
MIA Utll¥ ol Delmarva 
1-800-282~ 

~ 
Dig Safe System, Inc. 
1-8118-3+4-7233 

Mlchlgln 
MIA Dig Bvstem,lnc. 
1-800-482-7171 

•nneaota 
Gopher stale One C.B 
1..&00-2S2-1188 

...... ppf 
Ml8eilllppl One-Call Syllem. Inc 
1-800-227-Mn 

..._,. 
MIMouri On&-CaB Syltlm. Inc. 
1-800-344-7483 

llontlna 
UtlliiiiS Underground Pror.ctton Center 
1-800-424-6655 
Mo!Una One Call Center 
1-aoCl-551-8344 

Nellra8kl 
Diggers HatiJne ol NebnllkB 
1-800-331-M88 

Navada 
Underg1011nd SeNice Aim NO!Ih 
1-800-227-2600 .... ~ 
Dig Sale S)'Siem. Inc. 
1~8-344-7233 

..,.,.,.., New....., Olle CaD 
1-800-272-1000 

Haw lllldco 
NewMeldco One cau ayatem, 1nc. 
1.aoo.321-2537 
Lu Cluco- Dona Ana Blue S1ake1 
1 ..fi88.828..040 

NnYork 
Dig 8al'lly New YIWk 
1..aoo.a82-1962 
NewYIWk ~ Loog lllland One C.l 

Cenler 
1-800-2T.Z-4480 

North Ca.niiJna 
Tlle No/11'1 ClroJm One-Cal Cenltr, 

Jno. 
1~32-41149 

North Dakota 
North Dalda On.caa 
1-800-795-01155 

Ohio 
Ohio~ Pnlledlon SeiVIce 
1-80().362-2784 
011 & Oaa f'W'oclucM Unctergtowld 

Pnllllct'n SVc 
1..f100.825.0118 

Oklahoma 
QdOkle 
1~ 

Oregon 
Oregon Udllly Nolllcallon caniBD'One 

CEI ConcepiB 
1-800-332-2344 

PHn.yJvanla 
Pennsylvania One CaD System, Inc. 
1~42-1776 

Rhoct. llllllnd 
Dig SII'W ~ Inc. 
1-8118-344-7233 

8oulll C8rollnl 
PalrniiiiD Utllly Praledlon Service Inc. 
1-888-721-7en 

South Dakota 
South Oallola One CaU 
1-800-781-7474 

Tenneuee 
Tanne.- One-Call System, Inc . 
1-800-351·1111 

Tetra Tech NUS, Inc. 
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1'eMa 
Texaa One caJISyltem 
1-800-245440 
,._ exc.vat~on Safety s~. Inc:. 
1-80()..344-8377 
Lone Stet Nollllcalon Cenlltr 
1-800-869-8344 

Utah 
Blue B18k8ll of Utah 
1~111 

Vttrmonl 
~ sare Syt~em, Inc:. 
1-88&-344-7233 

~ of\lirvinia 
1-800-652-7001 
MIMlay (Nolttlem VJrglnla) 
1-600-257-7777 
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~ 
UtiiiiM UndlfQfOUnd Location Cenlllr 
1-«<I-42A-0555 
Norlttwalt Utlllly Nollf1cltlon Center 
1~ 
Inland &n.,n Utlllly Coordinating 

Coundl 
~ 

Welt VIrginia 
Mill Ulllly of Welt VIrgin II, Inc. 
1-ac»-246-4848 

Wllco11111n 
Dlggan Holllne, Inc. 
1-8C»-242-a611 
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Dlalrlot of Columbia 
MIISUIIIy 
1-800-267-7777 

Albertll 
Malta One-Call Corpotrlllon 
1.aG0-242-3447 

lrtlllh Columbia 
BCOneCal 
1-800-474o8888 

Tetra Tech NUS, Inc. 
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FROST UNE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 

FROST PENETRATION 

Average Depth In Incbaa 

Courtesy u.s. Departaent Of Commerce 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client: Project Name: 

Project No.: Completed By: 

Location Name: Work Date: 

Excavation Method/Overhead Equipment: 

1. Underground Utilities Circle One 

a) Review of existing maps? yes no N/A 

b) Interview local personnel? yes no N/A 

c) Site visit and inspection? yes no N/A 

d) Excavation areas marked in the field? yes no N/A 

e) Utilities located in the field? yes no N/A 

f) Located utilities marked/added to site maps? yes no N/A 

g) Client contact notified yes no N/A 
Name Telephone: Date: 

g) State One-Call agency called? yes no N/A 
Caller: 
Ticket Number: Date: 

h) Geophysical survey performed? yes no N/A 
Survey performed by: 
Method: Date: 

i) Hand excavation performed (with concurrent use of utility yes no N/A 
detection device)? 
Completed by: 
Total depth: feet Date: 

j) Trench/excavation probed? yes no N/A 
Probing completed by: 
Depth/frequency: Date: 

2. Overhead Utilities Present Absent 

a) Determination of nominal voltage yes no N/A 
b) Marked on site maps yes no N/A 
c) Necessary to lockout/insulate/re-route yes no N/A 
d) Document procedures used to lockouVinsulate/re-route yes no N/A 
e) Minimum acceptable clearance (SOP Section 5.2): 

3. Notes: 

Approval: 

Site Manager/Field Operations Leader Date 
c: PM/Project File 

Program File 

019611/P Tetra Tech NUS, Inc. 
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

Mr. Joseph GaJdweU 
Consultant 
Governmental Liaison 
Pipeline Safety Regulations 
211 Wilson Boulevard 
Suite 700 
Arlington, Virginia 22201 

Re: Use of hydro-vacuwn or non-conductive hand tools to locate underground utilities. 

Dear Mr. CaJdwell: 

In a leUel" dated July 7, 2003, we responded to your inquiry of September 18, 2002, regarding the 
use of hydro-vacuum equipment to locate underground utilities by excavation. After our letter 10 
you was posted OD the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July ?letter are being misunderstood. In addition, a number of industry 
stakeholders, including the National Utility Contractors Association (NUCA), have provided new 
infonnation regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7lette.r and issuing this replacement 
response to your inquiry. 

Quutlon: Sectionl926.651 contains several requirements that relale to the safety of employeu 
engaged in excavation wvrk. Specifically, paragraphs (bX2) and (b)(3) relDle in pan 10 the 
safety of the means used 10 locate untkrground utility installations that, if damaged during an 
uncovering operation, could pose serious har.llrds to employees. 

Under these provisions, what constitutes an acceptable method of uncovering undergrormd 
utility lines, and further, would the use of hydro-vacuum excavation be acceptabu under the 
standard? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground utility installations. Specifically, 
paragraph (b)(2) states: 

When utlUty companies or owners c&Mot respond to a request to locate underground utility 
installations within 24 hours • • • or cannot establish the exact location of these installations, the 
employer may proceed, provided rhe employer does so with caution, and pr-ovided detection 
equipment or otber acceptable means to locate utility installation.~ are used. (emphasis added). 

Paragraph (b)(3) provides: 

Tetra Tech NUS, Inc. 
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ATTACHMENT 4 (Continued) 

When excavation operations approach the estimated location of underground installations, the 
euct location of the insrallations shall be determined by safe and acceptable means. (emphasis 
added). 

Therefore, .. acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either "other acceptable means" or "safe· and 
acceptable means." The preambles to both the proposed rule and the fmal rule discussed the 
rationale behind the wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (Aprill5, 1987), noted that a 1972 version of this standard contained language that 
specified .. careful probing or band digging" as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language "to allow other, equaUy 
effective means of locating such installations." The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equiPment is not being used- ''probjog with band-held 
tools." This method was rejected in the final version of 29 CFR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * * lllld input from ACCSH [OSHA's Advisory Commitll:e on 
Consttuction Safety and Health} • • • on Ibis provision. All commenters recommended dropping 
'such as probing with hand-held tools' from the proposed provision, because this could create a 
hazard ro employees by damaging the installation or its insulation. 

In other words, the commenters objected to the use of band tools being used unless detection 
equipment was used in conjunction with tbem. OSHA then concluded its discussion relative to 

' this provision by agreeing with the commentators and ultimately not including any examples of 
"acceptable means" in the final provision. 

Non-conductive hand tools are oermitted 

This raises the question of whether the standard permits the use of band tools alone -- without 
also using detection equipment NUCA and other industry stakeholders have recently infonned 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a "shooter" (which has a non-conductive handle and a snub nose) and non­
conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that was thought to. be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand tools, when used with 
appropriate caution, is an .. acceptable means" for locating underground utilities. 

2 
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ATTACHMENT 4 (Continued) 

Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
"acceptable means" of locating underground utilities. However, if the equipment ~nnot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

<>.!her technologies 

We are not suggesting that these are lhe only devices lhat would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7letter may bave caused If you have further concerns 
or questions, please feel free to contact us again by fax at U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of ConstrUction Standards and Compliance Assistance, fax# 
202-693-1689. You can also contact us by mail at the above office, Room N3468. 200 
Constitution Avenue, N.W., Washington, D.C. 20210, although tbere will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our inte.rpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes OSHA=s interpretation 
of the requirements discussed. Note tbat our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
infonnation. To keep apprised of such developments. you can consult OSHA's website at 
http://www.osha.gov. 
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This Standard Operating Procedure (SOP) describes procedures and equipment commonly used for 
collecting envirorvnental samples of surface water and aquatic sediment for either onslte examination and 
chemical testing or for offsite laboratory analysis. 

2.0 SCOPE 

The Information presented in this document Is applicable to all environmental sampling of surface waters 
(Section 5.3) and aquatic sediments (Section 5.5), except where the analyte(s) may Interact with the 
sampling equipment. The collection of concentrated sludges or hazardous waste samples from disposal 
or process lagoons often requires methods, precautions, and equipment different from those described 
herein. 

3.0 GLOSSARY 

Analvte- Chemical or radiochemical material whose concentration, activity, or mass Is measured. 

Comooslte Sample -A sample representing a physical average of grab samples. 

Environmental Sample - A quantity of material collected In support of an environmental Investigation that 
does not require special handling or transport considerations as detailed in SOP SA-6.1. 

Grab Sample - A portion of material coRected to represent material or conditions present at a single unit 
of space and time. 

Hazardous Waste Sample - A sample containing (or suspected to contain) concentrations of 
contaminants that are high enough to require special handling and/or transport considerations per SOP 
SA-6.1. 

Representativeness - A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point. It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction. Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected. 

4.0 RESPONSIBIUTIES AND PERSONNEL QUALIFICATIONS 

Proiect Manaaer - The Project Manager is responsible for determining the sampling objectives, Initial 
sampling locations, and field procedures used in the collection of soil samples. The Project Manager 
also has the overall responsibility for seeing that all surface water and sediment sampling activities are 
properly conducted by appropriately trained personnel in accordance with applicable planning 
documents. 

Field Operations Leader - This individual Is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This Is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
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custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where aedentlals and time permit. The FOL is responsible for finalizing the locations for 
collection of surface water and sediment samples. The FOL Is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 

Site Satetv Officer (SSOl- The SSO (or a qualified designee) Is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP). This includes but Is not be 
limited to performing air quality monitoring during sampling and boring and excavation activities, and 
ensuring that workers and offslte (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants. The SSO or SSO designee may also be required to advise the FOL on other safety-related 
matters regarding boring and sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions. 

project GeologlsVSamoler - The project geologist/sampler Is responsible for the proper acquisition of 
samples in accordance with this SOP and other project-specific documents. In addition, this Individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, , 
container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 

General personnel qualifications for groundwater sample collection and onsite water quality testing 
Include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (I.e., weather) 
conditions. 

• Familiarity with appropriate procedures for sample documentation, handling, packaging, and 
shipping. 

5.0 HEALTH AND SAFETY 

Precautions to preserve the health and safety of field personnel Implementing this SOP are distributed 
throughout The following general hazards may also exist during field activities, and the means of 
avoiding them must be used to preserve the health and safety of field personnel: 

BrhtgeiBeat s ... pllng Petentlel hm:erds associated with tills activity ludude: 

• Traffic= o11e of the p'lima• y w••cems as samplers move across a bridge because tree space Of uavel 
Is Ret afteR pAWi~e~. CeRtrel FR888Yfe6 et'leYI~ IRelt:tae: 

- ~eR sampiiRg fFeFR a bri~ge, If tRe aampler::a do Rot bave a• least 6 teet of tree travel space or 

JJhyeieal ~aFFieFe sel'aFeting them end the tlaffie patterns, the ll)f(SP willl11clade a T1affic eonbol 
Pfefl:-

- The Y&e ef wamiAg sigAs end high Yislbillt) vests ere reqtllred to waru ouwmiug baffle a11d to 
·increase the vislbllit) of sample personnel. 

• Slips, tAps, aR~ falls fl:eRI elew.tea e~Ffaeee are a JJRR!af'IJ eeReem. Fall JtreleetieR shall ~e wefft 
when or If samplers mt1st leaf! O'ter a rail te ebtaiA samJJie mateFial. A J;:all PFeteGti9R C9mpetent 

019611/P Tetra Tech NUS, Inc. 



Subject 

• 

• 

SURFACE WATER AND 
SEDIMENT SAMPLING 

Number 
SA-1.2 

5 

Page 
4of21 

Elfactive Date 
02/2008 

PeraePI {IPI aeeel'daPiee "Jtith Oeet:IJM~tiePial eafety aP18 I fealth AdrniPIIetratl"" [OSIIAJ fall pi'Cteetion 
startdards) rn1:1st tJe assigPied to ePISI:Ire tl'lat fall proteetlo" Is appropriately and effectively errrployed 

Entering Water to Collect Samples - Several hazards are associated with this activity and can be 
mitigated as follows: 

• Personnel must wear a USCG-approved Floatation Device (selected and Identified In the HASP). 
The SSO shall ensure that the device selected is In acceptable condition and suitable for the 
Individual using it. This lndudes consideration of the weight of the individual. 

• Ufelines shall be employed from a point on the shore. This activity will always be conducted with a 
Buddy. See Section 6.5.2. 

• Personnel shall carry a probe to monitor the bottom ahead of them for drop offs or other associated 
hazards. 

• The person in the water shall exercise caution concerning the path traveled so that the lifeline does 
not become entangled In underwater obstructions such as logs, branches, stumps, etc., thereby 
restricting its effectiveness In extracting the person from the water. 

• Personnel shall not enter waters on foot in situations where natural hazards lnduding alligators, 
snakes, as well as sharks, gars, and other predators within Inland waterways may exist. 

• In all cases, working along and/or entering the water during high currents or flood conditions shall be 
prohibited. 

• Personnel shall not enter bodies of water where known debris exists that could result in injuries from 
cuts and lacerations. 

Sampling In marshes or tidal areas In some instances can be accomplished using an all-terrain vehlde 
(A TV). This Is not the primary recommended approach because the vehicle may become disabled, or 
weather conditions or tidal changes could result in environmental damage as well as loss of the vehicle. 
The primary approach is recommended to be on foot where minimal disturbance would occur. The same 
precautions spedfled above with regard to sediment disturbance apply as well as the previously 
described safety concerns associated with natural hazards. The natural hazards lndude alligators, bees 
(nests in dead falls and tree trunks), snakes, etc. In addition, moving through and over this terrain is 
difficult and could result in muscle strain and slips, trips, and falls. Common sense dictates that the 
sampler selects the most open accessible route over moderate terrain. Move slowly and deliberately 
through challenging terrain to minimize falls. Mud boots or other supportive PPE should be considered 
and spedfied in the HASP to permit samplers to move over soft terrain with the least amount of effort. In 
these situations, it is also recommended, as the terrain allows, that supplies be loaded and transported in 
a sled over the soft ground. 
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Working in these areas, also recognize the following haZards and means of protection against them: 

Insects are also a primary concern. These include mosquitoes, ticks, spiders, bees, ants, etc. The HASP 
will identify those particular to your area. Typical preventative measures include: 

• Use insect repellanl Approval of various repellants should be approved by the Project Chemist or 
Project Manager. 

• Wearing light-colored clothing to control heat load due to excessive temperatures. In addition, it 
makes it easier to detect crawNng insects on your clothing. 

• Taping pants to boots to deny access. Again, this is recommended to control access to the skin by 
crawling Insects. Consultation with the Project Health and Safety Officer SSO/Health and Safety 
Manager is recommended under extreme heat loads because this will create conditions of heat 
stress. 

• Perfonning a body check to remove insects. The quicker you remove ticks, the less likely they will 
become attached and transfer bacteria to your bloodstream. Have your Buddy check areas 
inaccessible to yourself. This Includes areas such as the upper back and between shoulder blades 
where it is difficult for you to examine and even more difficult for you to remove. 

Safetv Reminder 
If you are allergic to bee or ant stings, It is especially critical that you carry your doctor­

recommended antidote with you in these remote sampling locations due to the extended 
time required to extract incapacitated Individuals as well as the effort required to extract 

them. In these scenarios, instruct your Buddy in the proper administration of the 
antidote. In all cases, if you have received a sting, administer the antidote regardless of 
the immediate reaction, evacuate, and seek medical attention as necessary. The FOL 

and/or SSO will determine when and if you may return to the field based on the extent of 
the Immune response and hazards or potential hazards identified In these locations. To 

the FOL and SSO, this is a serious decision you have to make as to whether to take 
someone vulnerable to these hazards into a remote location where you may not be able 

to carry them out. Consider It wisely. 

Poisonous Plants- To minimize the potential of encountering poisonous plants in the field, at least one 
member of the field team needs to have basic knowledge of what these plants look like so that they can 
be recognized, pointed out to other field personnel, and avoided if at all possible. If the field team cannot 
avoid contact and must move through an area where these plants exist, the level of personal protective 
equipment (PPE) shall include Tyvek coveralls and enhanced decontamination procedures for the 
removal of oils from the tooling and/or equipment. 

Temperature-Related Stress- Excessively cold temperatures may result in cold stress, especially when 
entering the water either Intentionally or by accident. Provisions for combating this hazard should be 
maintained at the sample location during this activity. Excessively hot temperatures may result in heat 
stress especially in scenarios where equipment is packed through the marsh. 

Because all of these activities are conducted outside, electrical storms are a significant concern. The 
following measures will be Incorporated to minimize this hazard: 
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• Where possible, utilize commercial warning systems and weather alerts to detect storms moving Into 
the area. 

• If on or In the water, get out of the water. Move to vehicles or preferably Into endosed buildings with 
plumbing and wiring. 

• Where warning systems are not available, follow the 30/30 Rule (If there are less than 30 seconds 
between thunder and lightning, go inside for at least 30 minutes after the last thunder). 

See Section 4.0 of the Health and Safety Guidance Manual (HSGM) for additional protective measures. 

8.0 PROCEDURES 

8.1 Introduction 

Collecting a representative sample of surface water or sediment may be dlfflcuH because of water 
movement, stratification, or heterogeneous distribution of the targeted analytes. To collect representative 
samples, one must standardize sampling methods related to sHe selection, sampling frequency, sample 
collection, sampling devices, and sample handling, preservation, and Identification. Regardless of quality 
control applied during laboratory analyses and subsequent scrutiny of analytical data packages, reported 
data are no better than the confidence that can be placed In the representativeness of the samples. 
ConsuH Appendix C for guidance on sampling that should be considered during project planning and that 
may be helpful to field personnel. 

8.1.1 lwFfaee Water IMit~IIRI liiiYit~MaRt 

+~e selestieA eJ SaFRpiiAg 9EtWipFR8AI ElepeAEI8 9A ~e site G9AEIIU8A8 BREI saFRple ~e Ia be BElEtWIFe~. lA 
(18A8Fal, ~8 FR961 FepF968Aiati¥8 &aFRplee 8Fe ebWIA8~ fFeFR FRIEl 6~aRR81 a& 8 BRBFR ~.~ eJ 9.& feel lA 
a well FRIHEI &tFeaFRi ~eweljler, pFajM& sp8Gifie plaARIRg EleewFReRt& ~tAll aEIEIRI&I aile apealfie &aFRpiiRg 
FeEtl:lireFR&RM IReiYEIIAfl 88FRple eellestieA peiRt& aRlit &aFRpiiAg e~~li'MBRt. 'Rte ffl8at fteqtteRtty t:tsel!l 
eaFRplere IRelwde ~e feii&'NiRg: 

• PeFietaltle JiiYFRp 
• Baile I' 
• 9lf!l aaFRpler 
• Wel(lhte.t lilatUe 
• liaAI!I pYMP 
• KeMFRBRIF 
• Qap~ IAtagFatiRg &aFRpler 

1=~e dip ea"'pler 8AEI 1W.Ighted 8elle ea"'pler aFe wsett FRetM efteR, aAEI Elelailed dle~Neelene feF ~eee 
del/tees aAEI ~e KeFRFReFBr eaFRpler aFB addresseE! ewb&eqweAlly lA ~Is sestleR. 

TAa -"eFia fer eelestiRg a eaFRpleF iAelwde: 

1. Qlepesabllity &Adler easy deeeflla"'i"aleR. 

2. IFI.,&FI&ive eeet (if the item le te be l!llepeeel!l •. 

3. liaee ef eperatieA. 
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4. NeR reagti~~e~RQR G9AtaR=IIRa&iR~ p~peAies TefleR G9ated, glass, staiAiess steel er pelyviA~ s~leric:le 
EPVG) eaFRple et:laFR~eF& are prefeFF&c:l {iR &Rat erc:ler) 

Measl:lreFAeRts eellestea fer eae~ saR=~ple (grab er eae~ ali~1:1Gt eellestec:l fer eeJJ~pgsltiAg) sl:lall iRsll:ltile 
~1:1t Aet ~e IIFRite~ te! 

• ipeelfi6 69RGWelaR68 
• TeFRp&Fati:JFe 
• ~ 
• Qieeelve~ ~gaR 

oilaR=Iple R=18a&.l:lr:8R=18R&S &Rail be GORdUded as SOOR a& ~R8 &aR=Iple i& BGCijLiired •4ea&Ur8R=I&Rt taGRRique& 
de&GFi~ea IR SOP &A~.~ &Rail be fGII91ltJec:l, All peAiAeAt data aAEi res1:1lw st:lall lila reeeF&ed lA a flela 
Aeta~k e~ 9A saR=~ple lgg sheets (see AttaGAR=I8A& A} er BA eqYit.taleRt eledreAIG fe~(s), ·~869 
aRal~sas FAa~ be seleetec:l te prevl~e IRfeFmatieR eR water FRi'MiRg,fetratifieati8R Bfld !'eteAtlal 
88RtaFRiRM9A. lJ.ariel:l& types ef water bedias ~ave differiAg peteRtials for R=~I)QRg aRd s&FatifiGa&ieA, 

IR qeA~Ri11 1 &Re fellewiAg eql:lipFA&At If R968&&aF)' fer eb~RiRg s1:1Ffaee water &aFAple&i 

• R&Etwlred saFApliAg eqYipFAeRt, wl:list:l FRay iRGiude a reR=!Gte &aJJ~piiRQ pale, welgl:lted boUle saR=~pler, 
KeFRFRerer eaFRpler, er etAer devlee. 

• Real tiFAe air FR9AiteRRQ iA&lNFAeRt (e.g., PIQ, fiiD) as Eiireetec:l iA &Re prejeet speeifie piBARiRg 
~981:1FA8Rt. 

• Re-.wiled PPii ae 91re9l&Ei lA Ute prejaet spaslfie plaAAing c:leEI:.IFA&Rt, •fiRiat:l FRay iAeh:tdet 

- Nitrile st:trgeeR's er latex gle>tes (la~ared as Resassaj:}')• 

- iafe&y glasses. 

- QIAer iteFR& ideRtifiM eR tt:le Safe WeFk PeFFRil tha& FA~ ~e req1:1IRKI ~as&Ei en loootleA epeei~a 
reqwireFAeRw {e.g., l:leaFiRg proteGtieR, steel teed 'NaFk beets, t:lard t:let), Tt:lese pFe>tisieRe ¥Jill Ate 
lietea iR tAe I=IA&P ar aEIEireeeed 13y lte ~96 aAdleF SS9. 

bfetk: Rlllllnder 
The use of latex products may elicit an allergic reaction in some people. Should this 

occur, remove the latex gloves, treat for an allergic reaction, and seek medical attention 
as necessary . 

- . RaqYiF89 pape!=ltc9r:k (see SOP &A 6,3 aA9 Attast:IFAeAts A aREI 8 te tl:lls SQP). 

- Re~YiF&d aeeeAtaR=~iAati9R eqwlpR=~eAt. 

- R&EtUiF89 &aR=Ipla 69AtaiA&F&. 

- Seala91e pgl~tt:lyleAe ~age {e.g .. ~ipleee lilagsles), 

- j4eavy 9\olty seeleF. 

- ~ 
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- Paper tev;el& aAd gal=bage bags 

- ·C~aiA ef e~:~&leEiy reeeF8e BREI e~:~steEiy seal&: 

DIB SBFAB!IAI 

SpeeiMl preeeEI~:~re& fGr GelleGtiAg a dip er grab sample 9t: &ur:faco:e wa•er GSA ~ttaJY baaed eA &lte-&peco:lfico: 
eeREiitieR& Ee.g., G&Rc:lltioR& Rear IRe &here aREI hew elesely a &ampler eaR eafe~ gM te lhe e~areJ. lhe 
leAeral JireeeEI~:~re fer eelleetiRg a &alflple ~:~slAg a fiGie er Elireetly freFA lhe !!taler ~edy is B& fellew5: 

\ 

41. If ~:~sing a reFAele eaFApliRf!l pete, eeBYrely allaM lhe apprepfiale &BA'Iple eeRtaiRer te a pale ef 
awffiGieRt leRgth te reaco:l:l the waw te be ~pled. &ample& fer '/&Ialiie BABiyela at:.&YIEI lite eellealed_ 
fil'8t ~ee PPE ae Elesefi~eEI iA ~l=le 1-f~SP. ~OJI=IeR &aA'Iple eeRiaiReFe are pre>JiEieEI pre preseFYed er I~ 
.aRe pale co:aAR~ ac:~mm9da&e a pa~lco:ular &ample GeAWIR&I; use a dec:IIG~. &leaR, YApreseFYed ' · 
hetlleJ.eeAiaiAeF fGF &aFRpiiAg BREI ~Refer te aR apprepfiBiely preaeFYeEI EIEIRIBIFIBF. 

2. ReR'!er..a Die eap. 9e Ret plaee tl=le eap eR IRe greY REI er: eleeY.'Aere ·where it A'llfl~l ~eeelfle 
eeAtaR'IIABieEI. 

3. Carefwlly Elip lhe eeRtaiAer iRte tl:le r,t~aler jw&l belew the s~:~Ffaee Ear a& dlreeted ~ pFejeet speeifi8 
fiiBRAiRfl se&Yments~. aREI allew lhe betlle te fill. Sa!Jiple ~etllea fer ¥e1Btlle aRalyela Ml:lat be lilleEI 
witl=l Ae l=leaEispBee. Aveid eeRtaetiRg lhe ~etleA'I ef lhe r.vater ~eEiy beeawse lhle will ElieNrb eeEIIFAel'lt 
~tat MaY iRteFfere 'AA*A the &wfaG& tflaler sample 

4. Re&Fier,~& tl:le GQAWIAer 8AQ Garefylly replaG& tl:le Gap S9GYFBiy, If LI&IAg a G&FilaiReF eti:ler lhaR the 
~&~J~ple b9Uie1 peur ll:le water fRam tl:lal seRlaiRer lAte tl:le sample ~tile aREI replaee t~e eap eea:.pely. 

5. Use a eleaA paper ter.•;el te GleaR aAs ary the ellt&ic:le ef tl:le eeAlaiR8F. 

6. ~ a sample latlel te eaGI:I GeAWiAer, &A&YFiAg tl:lat 8aGI:I latlel is Gempletely co:arefwlly, Gleafly, BREI 
eempletely, aEiares&iRfl all ef tl:l8 GateseFies Eleaco:Fib8a lA SOP 8A &.a • 

7. • e~ed ,.,,tl:l tt:ae t:aaRdliRg aRd pro~es&iRg ef eaGI:I &ample GeRWiAer as c:le&co:Fibea iA 80P 8A 6.2. 

"eAetit~eAts mea&Lired iA gra~ samples sellestea Rear tl:le r~~&ter s~:~Ffaee are eAiy iAaieati~o~e ef eeREii418As 
Real= tl:l8 &I.IFfaG& 9t: ll:le water aRa may Ret ~8 a tFue repraseAtatleA eJ ll:le letal eeReeRtFBlieA EllstribttteEI 
&l:lreYgl:lewt tl:le t,fJ8t8F GeiYmR BAS iA tl:le GFQSS se&ti&Ao +R8refGre, as pe&&ltlle tla&eEI &R &i&e eeREIIlieR&1 

41:1e sampler may tie RMfYirea te a~:~gmeRt dip samples v~l:l samples ll:lat repre&eAt &etA filissel¥89 BREI 
ewapeRaeEI.seA&titi:I8At& aAfil ~etA ~~JeFlisal aAs Re~eAtal EllstFi8YtieAs. 

C~UTION 
In areas prone to natural hazards such as alligators and snakes, etc., always use a 

buddy as a watch. Always have and use a lifeline or throwable device to extract persons 
who could potentially fall into the water. Be attentive to the signs, possible mounds 

indicating nests, and possible slides Into the water. Remember that although snakes are 
typically encountered on the ground, it Is not unheard of to see them on low-hanging 
branches. Be attentive to your surroundings because these may indicate that hazards 

are nearby. 
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Welattted 8ettle SaFABIIP!a 

A f!IFa~ saFR~Ie eaR alee be sallestea wsiAS a IJ}ais~tea ~slaer llal allsws a bettie te ae lswaFBa te aA¥ 
~eeiFeEI ~&fill, epeAea fer filliAg, eleeea, aRe FBh:tFAeEI te IRe swFfeee. :J:ttle alla"'l8 aiseFele &alflpliAg 'VlWA 
Et&JiltA• Sa'leFal ef IIese saFAple& eaR BB GOFABIRea ta jiiRWIGB a 'I&Ftieal &elfiJil&&ite, ,tdteFA ... aly, BA &fleR 
!Iallie eaR be lat§+t&Fea te IRa aalteFR aRa Faisas te IRe swFfaee iK a wRifeFFA Fate sa U:lat ~a ~ettle eelle8M 
&limpla &AFQYS~91:A tRa tetal aaptR aRa Is j1.1st fillaa eA reashiAg tRs swFfase. +he F88WitiRg &aFA~IB W&iRg 
elller metRae \fAll FQWgAiy appraash "ll:lat Is kRev~ as a deptR IR&egFatea sample. 

.. 
.~ eleaea rt~eigtllea ~eMia sampleF GOR&Ista eJ glass sr pla&tie bellle ~ a stepper, a 'Malg~ aRaler haiEIIRg 
aevise1 aRa liRa& te apeR tAe stepper aAa 19\'fer sr False IRa betlle. ne geRBFal ~FB89EIWF8 fer &BFApliA!I 
ti'11'111 tAl& Etavlse Ia a& fells•na: 

1. SeAly lewer ~e &aFApler te tRa Ele&lred Ele~A se as Ret te reFAaw IRe stepper pFeFAah:tFBiy (tt.•a&sl:l fer 
httl!lllles). 

2. 'A'AeR tt.e aeeiFeEI dep~ is reael:leEI, pwll awl tl:le stepper vA#t a sharp jeFk ef tRe stepper liRe: 

3. Allew IRe betlla te fill seFR~Iatel)', as eviaeReed lily ~e al!leeflee ef air l!lttl!ll:tles. 

4. Raise U:aa eaFRpler aPd cap the hoWe. 

5. Wee a pa~er tav,tel te sleaR aRd d~t IRe swtalae sf IRe eaRtaiRer. +his betlle eaR be wseEI as Ule 
aa~ple ssRiaiRer as laRg as tl:le b&Mie Is aR a~~F8¥8EI seAtaiAer ly~e, 

6. AM~ a sample label te aasl:l GORtaiRer, eRswr:iRg that eash label is somplataly earefwlly, elaar:iy, aRlit 
&Qmplately, addr:essiAg all sf tRe sategeries deser:ibeEI iR SOP SA 6.3. 

7. Presees vli#l tRa t:laREIIiRg aREI ~reeassiRg ef aast:l &aFAple eeRtaiAer as desSFibed iA SOP SA 8.2. 

1'§eFAFAerer Samsl~r 

IJ &:aFRples are desir-ed at a spasille dep&A, aRd tA8 parame&ara te be maas1.1Rtd de Ret Fali!Yir:e a :reii&R 
8ea'ed aalflpler, a staR~aFEt KeFRFRarer saJl:lpler FRay tle wsea. +Ra KaFRFAer:er &aFApler is a brasa, 
elaiRiess steel er a~lie syliRaer ttJitR rwbtler steppers U:lal leave lie eR~s e~eR Vltlile II le lewered ifl a 
¥eftieal peeilieR (#!we all9\tliRg fFaa passage ef water tRra1.1gh tRe syliAae~}. .A "messeRge~ is seA& aewAo 
the ,_.e •NtleR tAe saFRpler is iK IRe aesigRiKea de~ ta eawae &Ra stoppers te elese &Re eyliRaeF, u'*-i&t:l Is 
1haR Faieed. \'Jeter is reme·~ea ti:IFewgl:l a 'talt,ta te fill saJl:lpla batllaa. +Aa gaAeral pJQGeauRt fer sampliRg 
"*'itA tl=tie €i8\'lea ia as fsllavM: 

1. QaAtly lower the sampi&F &a tRe desir:ed ~ep&A. 
\ 

2. ~efl the aesirea depll Is r:eashea, &eRa 89\'JR &Ra FAe&&eAger te Giese tRa syiiREiar aRd tRaR raise 
lie aaFRpleF. 

3. 0Jt&fl the 9Biflj3ler vel•te te fill eael'l &BifiJIIe belle EfiiiiRg betllea fer IJelatlle BRalyela fiFat). 

4. Use ;~ paper W!t,tel te GleaR aFIG ary IRe ewtalde ef 1M semaiRar, 

5. AffiM a saFApla label te east:! seAtaiA&Fi eAsi.IFiRg tl:lat eael:l label is somplataly saFefwlly, slaaAy, aAd 
-eempletaly, aCiiCilra&siRg all ef tl:le sa&agerie& GIB&eritled iA $0P SA 8.3. 

6. Preeeaa r,tAU:t U:ta AaREIIiRg aRB pFSG8&&iRg sf aas~ &ample &eRlaiRer a& ~e&&Fibea IR 8QP SA 8.~. 
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6.1.2 • I111Ffeee water IMipllng l=aatlnlqw• 

Samples eellee&eEI EI~FjAg site IR~esllgalloA& may be grab &ample& 9f: c:ampoaila sample& T~a foiiCMIRg 
geReFBI preaeawre& apply te ~aFtew& types ef swr:faee water eelleatieR te&ARI~yee: 

• .If: a eleaR, pre preseFWEI &aFAple G&RtaiR&f: is RBI used, RAse lie sample c:aRtaiR&J: leaal eRc:e 11111~ lie 
water te kle eaFAplea befere the &aFAple Ia eellea&eEI. +Rie Is Rei applieable wheR eam,le eeRtaiAef& 
a,:e pt:Q'JJdect pf&op,:eserved bec:a~o~se doiRg so ,.tAll wast:! some or all ef tl:le presePJative ewt ef tl:le 
battle. 

• Jii:&F BBFApliRg r:RetliRg t,t,tateF! 8811~ tl:la fal#les& aOWR&IF8BfA &BFAple fiRil, &Ra 88AtiRY8 &aiRple 
eelleetleR IR aR ~ps&FeaFA direatieR. IR geAeFBI. woFk freFA aeRe& &Y&peGted 9f lo!JJ eeRIIiiFAIRatloR te 
HReB ef i:tlgl:l MRteFRiRBti&Rz 

• Taite eare te a•;eiEI e.reeeai\'e agltetleR ef the water aeeawe leaa ef ·;elatlle eeRetitl:leRte eewld Feewlt. 

• Wi:I&R ebtaiAIRg &aFAple& iR 40 FRI.: 1/ial& ,.. &8pWfA liR&a lid& fer ll&latile 8"9aRi68 BR&Iy&l&, fill tl:le 
88AteiR&r eeFApleteiy Ewitl:l a fA8RI&6W&~ te &MeiWEI& aR¥ air &pac:e iR &1:18 tap ef the klottle &Aa te be IYF8 
tl:lat tl:le +etleA liRer ef the septi:IFA faee& IR after the t;ial I& filleEI aREI aappaEI. +wFA tl:le Jlial Yp&IEia 
eiBJ,fiR BREI tap g&RI¥ OR ¥QYF wrist te el:laek fer air i:ll:lbbla&, If air bwbblea riee IR tl:le Battle, add 
adEiitleRal &aFAple ~9IWFA8 te the 98RtsiR8F. 

• Qe AM &aFAple at &l:le swrfaee, ~Riese &aFApliRS spaeifieall¥ fer a kR81l'JA eeR&tiNeR' that is immieelble 
liiREI 9R tep.ef ~8 '"*JateF. IR&\&BEI, IR~a" the &aFApla eeAtsiR&F, I~18F " te tl:le ap!Jr&lliFRate Elepth, &Ad 
~eiEIIt at abe1:1t a 4 6 ElegFee aRgle wlltl:l the FAewU:I ef tl:la liaella faeiRg wp&Aafl\. 

6.2 9Mit! Water Gutl'*'' Je!t!A& 

GM"e 'Water ~wality testiRg &!:tall ~ eeRaYetea as ElesGFibeEI lA SOP &A 1.1 , 

6.3 Sediment Sampllna 

6.3.1 General 

If composite surface water samples are collected, sediment samples are usually collected at the same 
locations as the associated surface water samples. If only one sediment sample is to be collected, the 
sampling location shall be approximately at the center of the water body, in a depositional area If possible 
based on sample location restraints (see below), unless the SAP states otherwise. 

Generally, coarser-grained sediments are deposited near the headwaters of reservoirs. Bed sediments 
near the center of a water body will be composed of fine-grained materials that may, because of their 
lower porosity and greater surface area available for adsorption, contain greater concentrations of 
contaminants. The shape, flow pattem, bathymetry (i.e., depth dlsb1butlon), and water circulation 
patterns must all be considered when selecting sediment sampling sites. In streams, areas likely to have 
sediment accumulation (e.g., bends, behind islands or boulders, quiet shallow areas or very deep, low-
velocity areas) shall be sampled, in general, and areas likely to show net erosion (I.e., high-velocity, 
turbulent areas) and suspension of fine solid materials shall be generally avoided. Follow instructions in 
the SAP, as applicable. 

Chemical constituents associated with bottom material may reflect an Integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
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respect to time, application of chemicals, and land use. Bottom sediments (especially fine-grained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even If 
water column concentrations are less than detection limits). Therefore, It is important to minimize the loss 
of low-density "fines" during any sampling process. 

Samples collected for volatile organic compound (VOC) analysis must be collected prior to any sample 
homogenization. Regardless of the method used for collection, the aliquot for VOC analysis must be 
collected directly from the sampling device (hand auger bucket, scoop, trowel), to the extent practical. If 
a device such as a dredge Is used, the aliquot should be collected after the sample is placed in the mixing 
container prior to mixing. 

In some cases, the sediment may be soft and not lend itself to collectiOn by plunging Encore TM or syrl~e 
samplers Into the sample matrix. In these cases, It Is appropriate to open the sampling device, (Encore M 

barrel or syringe) prior to sample collection, and carefully place the sediment In the device, filling It fully 
with the required volume of sample. 

On active or former military sites, ordnance items may be encountered In some work areas. Care should 
be exercised when handling site media (such as if unloading a dredge as these materials may be 
scooped up). If suspected ordnance Items are encountered, stop work immediately, move to shore and 
notify the Project Manager and Health and Safety Manager. 

All relevant Information pertaining to sediment sampling shall be documented as applicably described in 
SOP SA-6.3 and Attachment B or an equivalent electronic form. 

6.3.2 Sampling Equipment and Techniques for Bottom Materials 

A bottom-material sample may consist of a single scoop or core, or may be a composite of several 
individual samples In the cross section. Sediment samples may be obtained using onshore or offshore 
techniques. 

019611/P 

SAFETY REMINDER 
The following health and safety provisions apply when working on/over/near water: 

• At least two people are required to be present at the sampling location in 
situations where the water depth and/or movement deem it necessary, each 
wearing a USCG-approved Personal Flotation Devices 

• A minimum of three people are required If ~ of the following conditions are 
anticipated or observed: 

- Work In a waterway that is turbulent or swift that could sweep a sampler down 
stream should he or she fall in accidentally. 

- The underwater walking surface (e.g., stream/river bed) is suspected or 
observed to involve conditions that increase the potential for a worker to fall 
Into the water. Examples Include large/uneven rocks or boulders, dense mud 
or sediment that could entrap worker's feet, etc. 

- Waterway is tidal, and conditions such as those listed above could rapidly 
change. 
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The third person In the above condition must be equipped and prepared to render 
emergency support (e.g., lifeline, tethered Personal Flotation Device (Throwable Type IV, 
life saver), skiff, means to contact external emergency response support, etc.] 

The following samplers may be used to collect sediment samples: 

• Scoop sampler 
• Dredge samplers 
• Coring samplers 

Each type of sampler Is discussed below. 

In general, the following equipment if necessary for obtaining sediment samples: 

• Required sampling equipment, which may Include a scoop sampler, dredge sampler, coring sampler, 
or stainless steel or pre-cleaned disposable trowel. 

• Stainless bowl or pre-cleaned disposable bowl to homogenize sample. 

• Real-time air monitoring Instrument (e.g., PID, FID) as directed In the project-specific planning 
document. 

• Required PPE as directed in the project-specific planning document, which may include: 

019611/P 

Nitrile surgeon's or latex gloves (layered as necessary). 

Safety glasses. 

Other items identified on the Safe Work Permit that may be required based on location-specific 
requirements (e.g., hearing protection, steel-toed work boots, hard hat). These provisions will be 
listed In the HASP or addressed by the FOL and/or SSO. 

Required paperwork (see SOP SA-6.3 and Attachments A and B to this SOP). 

Required decontamination equipment. 

Required sample containers. 

Sealable polyethylene bags (e.g., Ziploc• baggies). 

Heavy-duty cooler. 

Ice. 

Paper towels and garbage bags. 

Chain-of-custody records and custody seals. 

Tetra Tech NUS, Inc. 
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A scoop sampler consists of a pole to which a jar or scoop Is attached. The pole may be made of 
bamboo, wood, PVC, or aluminum and be either telescoping or of fixed length. The scoop or jar at the 
end of the pole Is usually attached using a clamp. 

If the water body can be sampled from the shore or If the sampler can safely wade to the required 
location, the easiest and best way to collect a sediment sample Is to use a scoop sampler. Scoop 
sampling also reduces the potential for cross-contamination. The general scoop sampling procedure is 
as follows: 

1. Reach over or wade into the water body. 

2. While facing upstream (Into the current), scoop the sampler along the bottom In an upstream 
direction. Although it is very difficult not to disturb fine-grained materials at the sediment-water 
Interface when using this method, try to keep disturbances to a minimum. 

Dredge Samplers 

Dredges are generally used to sample sediments that cannot easily be obtained using coring devices 
(e.g., coarse-grained or partially cemented materials) or when large quantities of sample are required. 
Dredges generally consist of a clam shell arrangement of two buckets. The buckets may either close 
upon Impact or be activated by use of a "messenger." Some dredges are heavy and may require use of 
a winch and crane assembly for sample retrieval. The three major types of dredges are Peterson, 
Eckman and Ponar. 

The Peterson dredge Is used when the bottom is rocky, In very deep water, or when the flow velocity is 
high. The Peterson dredge shall be lowered very slowly as it approaches bottom, because it can force 
out and miss lighter materials if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually soft, 
as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, and hard 
bottoms and is too light for use In streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top of 
the sample compartment. The screen over the sample compartment permits water to pass through the 
sampler as It descends, thus reducing the "shock wave. • The Ponar dredge is easily operated by one 
person In the same fashion as the Peterson dredge. The Ponar dredge is one of the most effective 
samplers for general use on all types of substrates. 

The general procedure for using dredge samplers is as follows: 

1. Gently lower the dredge to the desired depth. 

2. When the desired depth is reached, send the messenger down to cable to close the cylinder and then 
carefully raise the sampler. 

3. Open the sampler to retrieve the sediment. 

4. Transfer the sediment to the bowl In which it will be homogenized. Fill the sample bottle(s) for volatile 
analysis 12!!sJI.1Q homogenization. Homogenize the remainder of the sediment collected. 

5. Fill the containers for all analyses other and VOCs. 
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7. Affix a sample label to each container, ensuring that each label is completely carefully, dearly, and 
completely, addressing all of the categories described in SOP SA-6.3. 

8. Proceed with the handling and processing of each sample container as described In SOP SA-6.2. 

SAfETY REMINQER 
Safety concerns using these dredges Include lifting hazards, pinches, and compressions 
(several pinch points exist within the jaws and levers). In all cases, handle the dredge by 

the rope to avoid capturing fingers/hands. 

Coring Samplers 

Coring samplers are used to sample vertical columns of sediment. Many types of coring devices have 
been developed depending on the depth of water from which the sample is to be obtained, the nature of 
the bottom material, and the length of core to be collected. They vary from hand-push tubes to electronic 
vibrational" core tube drivers. 

Coring devices are particularly useful In pollutant monitoring because turbulence created by descent 
through the water is minimal, thus the fines at the sediment-water interface are only minimally disturbed. 
The sample is withdrawn intact, permitting the removal of only those layers of interest. 

In shallow, wadeable waters, the use of a core liner or tube manufactured of Teflon or plastic Is 
recommended for the collection of sediment samples. Caution should be exercised not to disturb the 
bottom sediments when the sample is obtained by wading In shallow water. The general procedure to 
collecting a sediment sample with a core tube is as follows: 

1. Push the tube into the substrate until 4 Inches or less of the tube Is above the sediment-water 
Interface. When sampling hard or coarse substrates, a gentle rotation of the tube while it is being 
pushed will facilitate greater penetration and decrease core compaction. 

2. Cop the top of the tube to provide suction and reduce the chance of losing the sample. 

3. Slowly extract the tube so as not to lose sediment from the bottom of the tube. Cap the bottom of the 
tube before removing It from the water. This will also help to minimize loss of sample. 

4. Transfer the sediment to the bowl in which It will be homogenized. Fill the sample bottle(s) for volatile 
analysis prior to homogenization. Homogenize the remainder of the sediment collected. 

5. Fill the containers for all analyses other and VOCs. 

6. Use a paper towel to clean and dry the outside of each container. 

7. Affix a sample label to each container, ensuring that each label is completely carefully, clearly, and 
completely, addressing all of the categories described in SOP SA-6.3. 

8. Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 

In deeper, non-wadeable water bodies, sediment cores may be collected from a bridge or boat using 
different coring devices such as Ogeechee Sand Pounders, gravity cores, and vibrating coring devices. 
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All three devices utilize a core barrel with a core liner tube system. The core liners can be removed from 
the core barrel and replaced with a clean core liner after each sample. Before extracting the sediment 
from the coring tubes, the clear supernatant above the sediment-water interface in the core should be 
decanted from the tube. This Is accomplished by turning the core tube to its side and gently pouring the 
liquid out until fine sediment particles appear in the waste liquid. Post-retrieval processing of samples Is 
the same as above. 
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~_OIL & $E;DIMENJ S~~bE LOG SHEET 

( I L) Telra.Tech NUS, Inc. 

Project sa. Name: 
Project No.: 

0 Surface Soli 
0 Subllurf- Soil 
0 Sec:lment 
0 Other: 
0 QA Sample Type: 

(Ringe In ppn): 

SOIL a SEDIMENT SAMPLE LOG SHEET 

of 

SampleiD No.: 
Sample Location: ----­
Sampled By. 
c.o.c.No.: 

Type of Sample: 
0 Low Concemation 
0 H'tgh Co11centndion 
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GUIDANCE ON SAMPUNG DESIGN AND SAMPLE COLLECTION 

C.1 Defining the Sampling Program 

Many factors are considered In developing a sampling program for surface water and/or sediment, 
including study objectives, accessibility, site topography, physical characteristics of the water body (e.g., 
flow and mixing), point and diffuse sources of contamination, and personnel and equipment available to 
conduct the study. For waterborne constituents, dispersion depends on vertical and lateral mixing within 
the body of water. For sediment, dispersion depends on bottom current or flow characteristics, sediment 
characteristics (e.g., density, size), and geochemical properties (that affect adsorption/desorption). The 
hydrogeoioglst developing the sampling plan must therefore know not only the mixing characteristics of 
streams and lakes but must also understand the role of fluvial-sediment transport, deposition, and 
chemical sorption. 

C.1.1 Sampling Program Objectives 

The scope of the sampling program must consider the sources and potential pathways for transport of 
contamination to or within a surface water body. Sources may include point sources (leaky tanks, 
outfalis, etc.) or nonpoint sources (e.g., contaminated runoff). The major pathways for surface water 
contamination (not Including airborne deposition) are overland runoff, leachate influx to the water body, 
direct waste disposal (solid or liquid) into the water body, and groundwater flow influx from upgradient. 
The relative importance of these pathways, and therefore the design of the sampling program, Is 
controlled by the physiographic and hydrologic features of the sne, the drainage basin(s) that 
encompasses the sne, and the history of site activities. 

Physiographic and hydrologic features to be considered Include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or drainage 
ditches (and when they were constructed relative to site operation), and locations of springs, seeps, 
marshes, etc. In addition, the obvious considerations such as the locations of man-made discharge 
points to the nearest stream (Intermittent or flowing), pond, lake, estuary, etc. shall be considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of dissolved 
or sediment-associated contaminants away from the source. The dispersion could lead to a more 
homogeneous distribution of contamination at low or possibly non-detectable concentrations. Such 
dispersion does not, however, always readily occur. For example, obtaining a representative sample of 
contamination from a main stream Immediately below an outfall or a tributary Is difficult because the 
inflow frequently follows a stream bank with little lateral mixing for some distance. Sampling alternatives 
to overcome this situation include: (1) moving the sampling location far enough downstream to allow for 
adequate mixing, or (2) collecting integrated samples in a cross section. Also, non-homogeneous 
distribution is a particular problem with regard to sediment-associated contaminants, which may 
accumulate in low-energy environments (coves, river bends, deep spots, or even behind boulders) near 
or distant from the source while higher-energy areas (main stream channels) near the source may show 
no contaminant accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to adsorb onto particulate matter. Nitrogen, 
phosphorus, and heavy metals may also be transported by particulates. Samples must be collected with 
a representative amount of suspended material; transfer from the sampling device shall include 
transferring a proportionate amount of the suspended material. 
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Accessibility Is 1tle primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and consideration of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the first choice for locating a sampling station on a stream 
because bridges provide ready access and also permit the sampling technician to sample any point 
across the stream. A boat or pontoon (with an associated Increase In cost) may be needed to sample 
locations on lakes, reservoirs, or larger rivers. Frequently, however, a boat will take longer to cross a 
water body and will hinder manipulation of the sampling equipment Wading for samples Is not 
recommended unless it Is known that contaminant levels are low so that skin contact will not produce 
adverse health effects. This provides a built In margin of safety In the event that wading boots or other 
protective equipment should fall to function properly. If It Is necessary to wade Into the water body to 
obtain a sample, the sampler shall be careful to minimize disturbance of bottom sediments and must 
enter the water body downstream of the sampling location. If necessary, the sampling technician shall 
walt for the sediments to settle before taking a sample. 

Under Ideal and uniform contaminant dispersion conditions In a flowing stream, the same concentrations 
of each contaminant would occur at all points along the cross section. This situation Is most likely 
downstream of areas of high turbulence. Careful site selection is needed to ensure, as nearly as 
possible, that samples are taken where uniform flow or deposition and good mixing conditions exist 

The avalability of stream flow and sediment discharge records can be an Important consideration In 
choosing sampling sites In streams. Stream flow data In association with contamln8"1t concentration data 
are essential for estimating the total contaminant loads carried by the stream. If a gaging station is not 
conveniently located on a selected stream, the project hydrogeologlst shall explore the posslbUity of 
obtaining stream flow data by direct or Indirect methods. Remember these locations are also where you 
may encounter natural hazards as these are areas where they hunt Always exercise extreme caution. 

C.1.3 Frequency of Sampling 

The sampling frequency and objectives of the sampling event will be defined by the project planning 
documents. For single-event site or area characterization sampling, both bottom material and overlying 
water samples shall be collected at the specified sampling stations. If valid data are available on the 
distribution of a contaminant between the solid and aqueous phases, It may be appropriate to sample 
only one phase, although this is not often recommended. If samples are collected primarily for monitoring 
purposes (I.e., consisting of repetitive, continuing measurements to define variations and trends at a 
given location), water samples should be collected at a pre-established and constant Interval as specified 
In the project plans (often monthly or quarterly and during droughts and floods). Samples of bottom 
material should generally be collected from fresh deposits at least yearly, and preferably seasonally, 
during both spring and fall. 

The variability in available water quality data shall be evaluated before determining the number and 
collection frequency of samples required to maintain an effective monitoring program. 

C.2 .a .. FfaM w•r lample Colltc;tloa 

C.2.1 &treiiRe, R .. ;e,., OUifall1 lAd DraiRage liel&uRII 

MetRed& far aar:RpiiRg s&l:ear:R&, J1•~er.a, ewUalls, aRd araiRatJ8 fea&wrea (dit~e&, GYiverts) at a &iRgle paiRt 
YBFY ffetll tAe slr:Rplest ef l=laRd sampiiRg pA:asedwrea te &Ae r:Rere aepJ::IIstieated r:Rwlti peiRt eaMpiiRS 
teet.AI~twee kAewA ae &Ae e~twal wldtA iA6f'etlleAt (litv.l) Methed er the ~wal dlsel=la!'ile iR&FeMeAt (&QI) 
Metheds (see I:Jei8'l'J). 
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iaFRple& fl:eFR ailfeFeAI EieP'R& 9F GrQ&& &8Gti9ABI leea&ic~RI lA ~9 WM8FGQI.Ir:&8 takeR E!t,n:iAg &~e &BJR9 
&BI'fiJIIiRg &JJI&ese sl:tall be eeFRJie&Mes. ~e~LtJe¥er:, saFRples eelleems aleAg ll:te leAgli:t eJ ll:te '#tHeFeewFae 
&F al SiffeF8A. liFRBB RIBY refleiM siffeFiAg IApYW 9F Eii1Wii9AB BAS ~erefeFe &t:lall A~ be 881Rpe&ltea, 
GeABFBIIy, li:te AYR!bBF BAd ~tpB a# &aR!ples &e M takeR dap&AS 9A #Ia R\laJ!s ItA., sap#!, _BAS dls~a~e 
aA.t &FI ll:te &Y&JI&A.tM eediFReA• ll:te MF'eaFR er: Fi¥eF &f&R&per:&s. =A.e gFealeF ll:te RWfMeF eJ iR.tiiJI!awal 
paiR&& #181 a~ sar:Aplea, ~· R~eFe llka!V #!at #Ia GOJRpa&l&e saJRple will truly ~FesaAt #Ia cwat:all 
a~araetefts&IG& ef ~· wa&e~ 

lA &FRail elf:eaFR& 1&68 hiA abe ... ~Q fe~ wlae, a &aFRpiiAg sl&e eaR geAer:ally be fettREI wher:e ~e 'l\'8leF ie 
~II FRiMed. lA &Yet\ 88888, a &lAgie grati 88Riple takeR at FRid Ele~ lA ttte 88AI&F eJ #19 el:laAR&I 18 
a.tet1wate te represeAt ~e eAIIM GRM& saeliaA: 

Fer: laFg&F atFeaiRs, at least eAe 148f:ti&al seJRPQ&ite sl:lall be &akeR ~~~t~ oRe &aiRple eac;:b froiR just below 
the ettFI'aee, at FRIEl .tap~!:!, aRdajwsl atiew ll:te tieUeFR. +l:te IR9B&YF81RBAI a# slssel•,f&EI '*YfleR EgQ~, pta~, 
teFRper:aiYFe, eeAEh:tetlr"~' , ate., et:tall be FRase eR eael:l ali'tY91 a# ll:te ¥ef:tisal 691Rp9&1te BAS 9A 11:19 
e&IRpesllie i&&elf ~or rhrer:s, satJeral wrtleal GOIRPQ&ite& s~all be colleetea, as dlreetea IR &~ pr:vjeGl 
plaAAiAg aeewFReM&. 

C.2.2 l.alcaa, li'oAda aA_. AeaaF\felf& 

1:81~88, paRd&, &REI F888P18IFB ~8¥8 8 RIYeR grea&er: taAEIBA~ ta &Valify ll:t&A Fl\tQFS BAS &MBIREI. ~9 
Mlatiw leek eJ IRIMIAg Fe'tWir:es ll:ta& FRere saiRplas tie ei:UiAes. +l:le AWIRiiler: ef water: saiRpliRg sites 9R a 
ot&lte, JleAd, SF IIRjileWAEIIReRt Wiii~Ltaf¥ 'ltli&l:t -.e &IH BAS al:l&ji18 a# ll:te ba&IA, IR peAEia &Ad &IRall lakes, a 
aiABie '>18Fti&al 691Rjil961te at ~e deapea& paiR& IRa~ 9e swffiei&R&. iiiRIIaFI~, FRaa&I:IFeiReA& eJ gg, p~ 1 
teFApaFMI:IFe, ale: I& tQ be G9RSW6&8S 9R aash lilll'tue& a# IRa •.taFiic;al G91Rp9&Ma BAS 9R ll:ta G91Rp9&ile itaalt. 
lA Aetwrally feFIRed jii&Ads, #Ia deepest peiRt r:~~ay t.:lave &o be deteriRiRed eiRpldcally; In iiRpo• IRd~eRtB, 
tite Eteejile&t jii&IAt Ia l:l&l::lally Rear tAe daFA. 

~A lakes aRd laFg&F FesaF¥91RI, lil&l481aluertlcal GOIRposltes &ball be C:OIRpoaltad to foriR a &iRgle &aiRple If 
·a &aFRpla FepreseAtali•·• e~ ll:ta water: seiYIRA Is Fe'ti:IIRMil, ~eae 148Fiieal eaFRjile&ilea are afteR eelleete~ 
eleRB a tFBR&eiM er: SFiEI• IR spFRe eases, ~ IRa~ be ef IA&erea& 19 farFR separa&e eeR!pesltes e~ &jiliiiiRR&tie 
8R.t .. ypeiiFRRetie i!!9R88• lA a ava&ified lake, ll:te epiiiFRAI&R is ~e ll:teARcu;liAe ll:tat Ia ~esed te ~~:te 
atFAeep .. eFe, ::J:I:Ie l:lyjileiiFRRI&R is ~e leW&Fi "s9AfiRed" laye1= ttta& Is &Aiy IRI"ed will:! &l:le epiiiRIAieR aAd 
•JI&Atadle ~e aiiRee,~ere awFIAS saa&eAal "e~J~a!WFR" EwhaR daA&ily evatill9atiOR dl&apjilears~, +Reaetwe 
ii9A&Iil JA&y #11.11 t.:la'>ta tJef:Y.. dilareAt GORe&RII:atiOA& o' GOA&aiRIRaR&s if iRpu& is &AI~ te eRe i!!&Ae, II the 
88AtaFRIA8RW 8F8 ¥ela&lla (aAEI li:teFefere 148A&ad hiR ll:te ejiiiiiiRAi9R b ... A~ ll:te l:t~eliFRAI9A~, 9F iJ li:te 
8JMIIFRAi8R 8A~ Ia iA'l1ei¥8Ej lA &Re~taRR llwsl:liRg Ei·•·· IAIS'A' fl:a~Jt GF eiAfle\fli &9 st.llaw &lreafRe~. 
Nafllftally1 l:te\'J8'>'9.F, a 88A;fl!le&l•e eeA&I&m eJ sa148~al veFti;al &eFRpealtea will:! &aiRplas selie&ted at vaFiews 
Ete,-.a. 

lA lakes ~ i~gwlar &l:lapa aRd ~~ b• aAa c;oves ~ are prG&aGtea WIR &be wiRd, sapaFa&e 
eeR!posi1e aa~plaa IRa~ be AeeseEI 19 adeqwa&ely repreeeAt water EII:IBIIt)t "eea1::1ee it Ia llltely tAat eAiy 
fill89F IRiiMiiAg \t,~lll 9991o1F. iiiRilliiFiy, BSGitlaAal 181Rple& are F8691RIR8AdeS W~8F8 Ell&el:taflle&, &FibwtaFie&, 

•leAEI ~tee eheFaeleFieties, aAa ell:ter s~::~el:t faeteF& are swapeeted eJ IAtll::leReiAg water Ell:l&lit;f. 

M&Ay lake fRe&BI:IFeiReFI&& are R9W IRade lA &MY WBIRg B8A69F6 BRa &YieiRatl& readel:lt 8F F899FaiA8 
daiJiiee&. 81Rgle BAd FRI:IIli paFBFA81eF iA&WIR9AW are BIJiallable fer FA8BSI::IRA!J teFRper:a&wre, depli:t1 p~. 
eMiaatleR redwGtieA poteRIIal (QRii'~, lilp&colfis S9RSYQBR&e, go, B91Re eatieA& &Ad BAieRa, BAd lig~t 
ft&Re&FalleA. 
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li&twaFIAB area& are, 9y EIBfiAiti9A, Z9A8S ·~ere iRiaAEI fre&h!h'a,BF& (be~ &YFfaee BREI greYREI) MiM with 
eeeaAie aaliRe wataF&. KAewleEiga ef IRa estuaPJ type FRay be Aaeasaar:y te ElateFFRiAe aaFRpliRg 
laaatieAs. EistwaFiaa are gaRaFally eategeFizaEI lAte eRa ef tl:le fellewiRg three ~ee seperuieAt eA 
fre&A'NeteF iRtlel!/ BAS MbCiRg prepaAias· 

• Micas liistYaN el:laFastal=iaeEI 9y #Ia al:MieRea ef a vaftieal l:lalesliRa (gt:adual er Re "'ar:ked IRerease 
iR saliRity iR tl:le Yteter 69IYFRR) BAS a gFaEIYal iR9FeS88 iR ealiRity 88SV18M. +ypieally, this type ef 
eMI:Iary le ahallew aAs Is feYREI IR lflajer ffeehwater sheet flew areas. Beeet:Jee this type ef estttaf)' I& 
'Nell FRbced1 &aFRpliRg 19eati9A& 8F8 R9t GFitieal, 

• Salt '.&Jesse EetYaPI eharaeteFii!eEI l:ly a BMFJI ·.·eFtieel iRereeee iR eeiiAity aRs etretlfiett freshwater 
4181!1 .-leRg t.a swFfase, lA #lese astwaFies, tRe veftieal FRiKiRg fereee &aRRet e\le!'flse the deAelty 
llilller:eRUal be&vtaaA fresh &Act eaiiRe ·.wters. IR effeel, a salt weEige tapeFlAg IRiaAs mevee 
sl:leriaeRtally baek aRe fertl:l witl:l tl:le tidal Jilhaee. If eeRtaFRIRatieR is l:leiRg iAtreEiweea lAte the eett:laf)' 
freFR wp&Veam, ~er &aFRpiiAg fl:eFR tRa salt wedge FRay FRiss it eAtirely. 

• ~eaaR!e. iistwarv el:la~=ast&Fiii!ieEI by saliRitiee appF9ael:liAg fwll &treRgth oc:eaRIG wa&eRi Sea&eRally, 
flasl'l•:lfllter IAflew 16 elflall, ·nitA tRe prepeAaaFaAee ef 1Re fresh saiiAa water FRI~IRg eGGYFFiAg Rear er 
lilt the eheFe liRe. 

SBifiJ~IiR~ iR eett:JaFiRe areee ie R&Fiflally l:laees eR the tidal f)haee, with eamples eelleetes &A eweeeeeive 
sleek tittes (i.e., wl'leR the tltte tt:lffl&). Eet1:1aFlRe 98FRJ~IiRg f)Fegrems el:lall IRelwae veFtieel aaiiRity 
F~~aaswreFR&Rte at 1 te li feet iRereFReAt6, eewplea 'NitA ¥ertieal QO aAd tefflpeFBtt:Jre f)refllee. 
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Thin-walled Tube Samoler - A thin-walled metal tube (also called a Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 
Inches outside diameter (00) and from 18 to 54 inches in length. 

4.0 RESPONSIBILITIES AND PERSONNEL QUAUFICATIONS 

project Manager - The Project Manager Is responsible for determining the sampling objectives, selecting 
proposed sampling locations, and selecting field procedures used In the collection of soil samples. 
Additionally, In consultation with other project personnel (geologist, hydrogeologist, etc.), the Project 
Manager establishes the need for test pits or trenches and determines their approximate locations and 
dimensions. 

Site Safetv Officer CSSOl- The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to Implement the project Health and Safety Plan. This will include (but not be limited 
to) perfonning air quality monitoring during sampling, boring, and excavation activities and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation, and sampling, such as mitigative measures to address potential hazards from 
unstable trench walls, puncturing of drums or other hazardous objects, etc. 

Field Ooerations Leader <FOLl - This Individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit. The FOL is responsible for finalizing the locations for 
collection of surface, near-surface, and subsurface (hand and machine borings, test pits/trenches) soil 
samples. He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits, and 
trenches and for adherence to Occupational Safety and Health Administration (OSHA) regulations during 
these operations through self acquisition or through the management of a field team of samplers. 

Project Geologist/Sampler - The project geologist/sampler Is responsible for the proper acquisition of 
samples In accordance with this SOP and/or other project-specific documents. In addition, this individual 
is responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms) associated with the 
collection of those samples. 

Comoetent Person- A Competent Person, as defined in 29 CFR 1929.650 of Subpart P- Excavations, 
means one who Is capable of Identifying existing and predictable hazards in the surroundings, or working 
conditions that are unsanitary, hazardous, or dangerous to employees, and who has authorization to take 
prompt corrective measures to eliminate them. 

General personnel qualifications for groundwater sample collection and onsite water quality testing 
Include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (I.e., weather) 
conditions. 

019611/P Tetra Tech NUS, Inc. 
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• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

• Keep cutting surfaces clean and smooth. 

• Secure items to be cut- do not hold them against the opposing hand, a leg, or other body part. 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fal, you will be less likely to get cut by broken glass. 

• DO NOT throw broken sample jars or glass ampoules into garbage bags. Place broken glass and 
glass ampoules In hard-sided containers such as a cardboard box or directly into a dumpster. DO 
NOT reach into garbage bags to retrieve any item accidentally thrown away. Empty the contents 
onto a flat surface to avoid punctures and lacerations from reaching where you cannot see. 

Vehicular and Foot Traffic Hazards - When sampling along the roadway or near traffic patterns, follow 
the following precautions: 

• Motorists may be distracted by onsite activities - ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your actiVities or equipment or that will create a 
blind spot. 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic. Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes. 

• Face Traffic. Whenever feasible, If you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times. Atways leave yourself an escape route. 

• Wear high-Visibility vests to increase visual recognition by motorists. 

• Do not rely on the vehicle operator's visibility, judgment, or ability. Make eye contact with the driver. 
carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger's direction before moving Into traffic. 

• Your movements may startle a motorist and cause an accident, so move deliberately. Do not make 
sudden movements that might confuse a motorist. 

6.0 PROCEDURES 

The following procedures address surface and subsurface sampling. 

019611/P 

CAUfiON 
Each situation must be evaluated individually to determine the applicability and necessity 
for obtaining a utility clearance ticket/dig permit. Common sense dictates, prior to digging 

or boring with power equipment, no matter what the depth, or digging by hand in a 
manner that could damage unprotected underground utilities, that a dig permit is 

required. See SOP HS-1.0, Utility Locating and Excavation Clearance, for additional 
clarification. If you do not know or are unsure as to whether a ticket is necessary - Get 

the Ticket. 
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obtained using a reusable sampling handle (T-handle) that can be provided with the EnCore™ sampler 
when requested and purchased. Collect the sample In the following manner for each EnCore ™ sampler: 

1. Scene Safety - Evaluate the area where sampling will occur. Ensure that the area Is safe from 
physical, chemical, and natural hazards. Clear or barricade those hazards that have been identified. 

2. Wear the appropriate personal protective equipment (PPE). This will include, at a minimum, safety 
glasses and nitrile surgeon's gloves. If you must kneel on the ground or place equipment on the 
surface being sampled, cover the ground surface with plastic to minimize surface contamination of 
your equipment and clothing. Wear knee pads to protect your knees from kneeling on hard or uneven 
surfaces. 

3. Load the Encore ™ sampler Into the T -handle with the plunger fully depressed. 

4. Expose the area to be sampled using a hand trowel or similar device to remove surface debr1s. 

5. Press the T-handle against the freshly exposed soil surface, forcing soli into the sampler. The 
plunger will be forced upward as the cavity fills with soil. 

6. When the sampler is full, rotate the plunger and lock It into place. If the plunger does not lock, the 
sampler Is not full. This method ensures there is no headspace. Soft soil may require several plunges 
or forcing soil against a hard surface such as a sample trowel to ensure that headspace is eliminated. 

7. Use a paper towel to remove soil from the side of the sampler so a tight seal can be made between 
the sample cap and the rubber 0-rlng. 

8. With soli slightly piled above the rim of the sampler, force the cap on until the catches hook the side 
of the sampler. 

9. Remove any surface soil from the outside of the sampler and place in the foil bag provided with the 
sampler. Good work hygiene practices and diligent decontamination procedures prevents the spread 
of contamination even on the outside of the containers. 

10. Label the bag with appropriate information in accordance with SOP SA-6.3. 

11. Place the full sampler inside a lined cooler with ice and cool to 4 • C :t 2 ·C. Make sure any required 
trip blanks and temperature blanks are also in the cooler. Secure custody of the cooler in 
accordance with SOP SA-6.3. 

12. Typically, collect three Encore™ samplers at each location. Consult the SAP or laboratory to 
determine the required number of Encore ™ samplers to be collected. 

13. The T-handle shall be decontaminated before moving to the next interval or location using a soap and 
water wash and rinse, and where applicable, the selected solvent as defined in the project planning 
documents. 

Using this type of sampling device eliminates the need for field preservation and the shipping restrictions 
associated with preservatives. A complete set of instructions Is Included with each Encore TM sampler. 

After the Encore™samples are collected, they should be placed on ice immediately and delivered to the 
laboratory within 48 hours (following the chain-of-custody and documentation procedures outlined In 
SOP SA-6.1 ). Samples must be preserved by the laboratory within 48 hours of sample collection. 
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5. Record the sample weight to the nearest 0.01 gram in the field logbook and/or on the sample log 
sheet. 

6. Extrude the weighed soil sample Into the methanol-preserved sample bottle taking care not to contact 
the sample container with the syringe. 

7. If dirty, wipe soil particles from the threads of the bottle and cap. Cap the bottle tightly. 

8. After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such 
that all of the soil is covered with methanol. 

9. Place the sample on ice immediately and prepare for shipment to the laboratory as described in SOP 
SA-6.1. 

Sodium Bisulfate Preservation (Low Level): 

CAUTION 
Care should be taken when adding the soil to the sodium bisulfate solution. A chemical 
reaction of soli containing carbonates (limestone) may cause the sample to effervesce or 
the vial to possibly explode. To avoid this hazard or hazards of this type, a small sample 

aliquot should be subjected to the sample preservative. If it effervesces In an open air 
environment, utilize an alternative method such as Encore TM or 2-ounce jar. 

Bottles may be prepared in the laboratory or in the field with sodium bisulfate solution. Samples to be 
preserved in the field using the sodium bisulfate method are to be prepared and collected as follows: 

1. Add 1 gram of sodium bisulfate to· 5 ml of laboratory-grade deionized water in a 40 to 60 ml glass 
vial with septum-lined lid. 

2. Collect the soil sample and record the sample weight to the nearest 0.01 gram in the field logbook or 
on the sample log sheet as described for methanol preservation 

3. Add the weighed sample to the sample vial. 

4. Collect duplicate samples using the methanol preservation method on a one-for-one sample basis 
because it Is necessary for the laboratory to perform both low-level and medium-level analyses. 

5. Place the samples on ice immediately and prepare for shipment to the laboratory as described in 
SOP SA-6.1. 

NOTE 
If lower detection limits are necessary, an option to field preserving with sodium bisulfate 
may be to collect EnCore TM samplers at a given sample location. Consult the planning 
documents to determine whether this is required. If It is, collect samples In accordance 

with the EncoreTlll sampling procedure above and then send all samplers to the 
laboratory to perform the required preservation and analyses. 

6.2.2 Procedure for Collecting Soli Samples for Non-Volatile Analyses 

Samples collected for non-volatile analyses may be collected as either grab or composite samples as 
follows: 

019611/P Tetra Tech NUS, Inc. 
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REMEMBER 
If you are digging near a marked utility (within the diameter of an underground utility that 

has been marked plus 18inches), you must first locate the utility through vacuum 
extraction or hand digging to ensure that your activities will not damage the utility. 

• Complete an Equipment Inspection Checklist for the drill rig or direct-push technology (OPT) rig. 
This checklist will be provided in the HASP. 

• Review the Safe Work Permit prior to conducting the activity. 

• Review the activity to be conducted. 

2. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and/or clean out the borehole to the desired sampling depth. Be careful to minimize potential 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 
prevent loosening of the soli around the borehole and to maintain the water level in the hole at or 
above groundwater level. 

CAUTION 
The use of bottom-discharge bits or jetting through an open-tube sampler to clean out the 

borehole shall not be allowed. Only the use of side-discharge bits Is permitted. 

3. Determine whether a stationary piston-type sampler is required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically operated or control rod activated-type of stationary 
piston sampler may be used. 

4. Prior to inserting the tube sampler Into the borehole, check to ensure that the sampler head contains 
a check valve. The check valve Is necessary to keep water in the rods from pushing the sample out 
the tube sampler during sample withdrawal. In addition, the check valve maintains a positive suction 
within the tube to help retain the sample. 

5. A stainless steel tube sampler is typically used to minimize chemical reaction between the sample 
and the sampling tube. 

6. Wrth the sampling tube resting on the bottom of the hole and the water level in the boring at 
groundwater level or above, push the tube into the soli with a continuous and rapid motion, without 
Impacting or twisting. If the soil is too hard to penetrate by pushing alone, careful hammering may be 
used by minimizing drop distance (tapping) of the hammer. Before pulling the tube, tum it at least one 
revolution to shear the sample off at the bottom. In no case shall the tube be pushed farther than the 
length provided for the soil sample. Allow about 3 inches in the tube for cuttings and sludge. 

7. Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also 
the length penetrated. 

8. Remove disturbed material In the upper end of the tube and measure the length of sample again. • 

9. After removing at least 1 inch of soil from the lower end, place enough packing material (clean inert 
material such as paper or cloth) tightly in each end of the Shelby tube and then pour melted wax into 
each end to make at least a Yz-lnch wax plug and then add more packing material to fill the voids at 
both ends. 
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6.3 Surface Soli Sampllna 

The simplest, most direct method of collecting surface soil samples for subsequent analysis is by use of a 
stainless steel shovel, hand auger, soil corer, or stainless steel or disposable plastic trowel. 

!NI5. 
Multiple depth Intervals are used to describe surface soil. Sometimes surface son is 
defined as soil from 0 to 2 inches below ground surface (bgs), and sometimes it is 

defined as soil from other depths such as 0 to 2 feet bgs. Ensure that the definition of 
surface soil depth is clear before collecting surface soil samples. 

For the purposes of instruction, the terms ·surface son· and •near-surface son• are used 
In this SOP as follows: 

- Surface soil - 0 to 6 Inches bgs 
- Near-surface soil- 6 to 18 inches bgs 

If these Intervals are defined differently in the planning documents, substiMe the 
appropriate depth ranges. 

In general, the following equipment is necessary for obtaining surface soil samples: 

• Stainless steel or pre-cleaned disposable trowel. 

• Stainless steel hand auger, soil corer, or shovel. 

• Real-time air monitoring Instrument (e.g., PID, FID) as directed in project planning document. 

• Required PPE. 

- Nitrile surgeon's or latex gloves may be used, layered as necessary. 

- Safety glasses 

- Other - Items identified on the Safe Work Permit may be required based on location-specific 
requirements such as hearing protection, steel-toed work boots, and a hard hat when working 
near a drill rig. These provisions will be listed In the HASP or directed by the FOL and/or SSO. 

Safetv Reminder 
The use of latex products may elicit an allergic reaction in some people. Should this 

occur, remove the latex gloves, treat for an allergic reaction, and seek medical attention 
as necessary. 

• Required paperwork (see SOP SA-6.3 and Attachment A of this SOP) 

• Required decontamination equipment 

• Required sample contalner(s) 

• Wooden stakes or pin flags 
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3. Follow steps 1 through 9 of Section 6.3. 

6.5 Sub§urflce Soli Sampllna With a Hand Auaer 

A hand augerfng system generally consists of a variety of stainless steel bucket bits (approximately 6.5 
inches long and 2, 2.75, 3.25, and 4 inches in diameter), series of extension rods (available in 2-, 3-, 4-
and 5-inch lengths), and a T-handle connected to extension rods and to the auger bucket. A larger­
diameter bucket bit is commonly used to bore a hole to the desired sampling depth and then it Is 
withdrawn. The larger-diameter bit Is then replaced with a smaller-diameter bit. lowered down the hole, 
and slowly turned into the soil to the completion depth (approximately 6 inches). The apparatus Is then 
withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil either from 
the surface, or to depths In excess of 12 feet. However, the presence of subsurface rocks and landfill 
material and collapse of the borehole normally Omit sampling depth. 

To accomplish soil sampling using a hand augerlng system, the following equipment Is required: 

• Complete hand auger assembly (variety of bucket bit sizes) 

• Stainless steel mixing bowls 

• The equipment listed in Section 6.3 

• Miscellaneous hand tools as required to assemble and disassemble the hand auger units 

CAUTION 
Potential hazards associated with hand augering include: 

- Muscle strain and sprain due to over twisting and/or over compromising yourself. 

- Equipment failure due to excessive stress on the T-handle or rods through twisting. 
Failure of any of these components will result in a sudden release and potential injury 
due to that failure. 

As in all situations, any intrusive activities that could damage underground utilities shall 
be proceeded by a Dig/Excavation permitltlcket Call the Utility Locating service in the 
area or your Project Health and Safety Officer for more Information. When in doubt- Get 
the Ticket! 

To obtain soil samples using a hand auger, use the following procedure: 

1. Wearing designated PPE, attach a properly decontaminated bucket bit to a clean extension rod and 
attach the T-handle to the extension rod. 

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 

3. Twist the bucket into the ground while pushing vertically downward on the auger. The cutting shoes 
fill the bucket as it is advanced into the ground. 

4. As the auger bucket fills with soil, periodically remove any unneeded soil. 
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- Job rotation - Share the duties so that repetitive actions do not result in fatigue and 
injury. 

- Increase break frequencies as needed, especially as ambient conditions of heat 
and/or cold stress may dictate. 

- Do not force the hand tools or use cheater pipes or similar devices to bypass an 
obstruction. Move to another location near the sampling point. Exerting additional 
forces on the sampling devices can result In damage and/or failure that could 
potentially Injure someone in the Immediate vicinity. 

- Do not over compromise yourself when applying force to the soil corer or hand 
auger. If there Is a sudden release, It could result In a fall or muscle injury due to 
strain. 

6.6 Sub8urface Soli Sampling with a Split-Barrel Sampler 

A split-barrel (split-spoon) sampler consists of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment B). A drive head is attached 
to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples In the tube when the 
sampler is removed from the drill hole. This split-barrel sampler Is made to be attached to a drill rod and 
forced into the ground by means of a 140-pound or larger casing driver. 

§af!tr Reminder 
It Is intended through the Equipment Inspection for Drill Rigs form provided in the HASP 
that the hammer and hemp rope, where applicable, associated with this activity will be 
Inspected (no physical damage is obvious), properly attached to the hammer (suitable 

knots or sufficient mechanical devices), and is in overall good condition. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths 
greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split-barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Split-barrel samplers (2-inch OD, 1-3/8-inch ID, either 20 inches or 26 Inches long); Larger OD 
samplers are avaMable if a larger volume of sample is needed. 

• Drive weight assembly, 140-pound weight, driving head, and guide permitting free fall of 30 inches. 

• Stainless steel mixing bowls. 

• Equipment listed in Section 6.3. 

The following steps shall be followed to obtain split-barrel samples (Steps 1 through 4 are typically 
performed by the drilling subcontractor): 

1. Attach the split-barrel sampler to the sampling rods. 
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6.8 &!IWJIIIen and &amallna If "Fell Pitt '"" JmnehM 

6.8.1 Aflplleattlllty 

l"l:tls s~l:lseetieFt preseFtts rewtiFte test pit er tFeFteh eKea'Jatien-teahRiEti:IB& aREJ speeializeEI1eet::IRiEtYB& &hat 
81'8 epplieeble ttFteer eertaiR eeFtaltleFte. 

~Aflii.QN 
During the excavation of trenches or pits at hazardous waste sites, several health and 

safety concerns arise from the method of excavation. No personnel shall enter any test 
pit or excavation over 4 feet deep except as a last resort, and then only under direct 
supervision of a Competent Person (as defined In 29 CFR 1929.650 of Subpart P-

Excavations). Whenever possible, all required chemical and lithological samples should 
be collected using the excavator bucket or other remote sampling apparatus. If entrance 
is required, all test pits or excavations must be stabilized by bracing the pit sides using 
specifically designed wooden, steel, or aluminum support structures or through sloping 
and benching. Personnel entering the excavation may be exposed to toxic or explosive 
gases and oxygen-deficient environments: therefore, monitoring will be conducted by the 
Competent Person to determine if It Is safe to enter. Any entry Into a trench greater than 

4 feet deep will constitute a Confined Space Entry and must be conducted in 
conformance with OSHA standard 29 CFR 1910.146. In all cases lnvoMng entry, 
substantial air monitoring, before entry, appropriate respiratory gear and protective 

clothing determination, and rescue provisions are mandatory. There must be at least 
three people present at the Immediate site before entry by one of the field team 

members. This minimum number of people will increase based on the potential hazards 
or complexity of the work to be performed. The reader shall refer to OSHA regulations 
29 CFR 1926.650,29 CFR 1910.120,29 CFR 1910.134, and 29 CFR 1910.146. Hlglr 
hazard entries such as this will be supported by members of the Health Sciences Group 

professionally trained In these activities. 

EtteeYatieRs are geFterally Ftet J3raetieal wheRHHiej3#1 ef mere theA al:le1:11 ~ li te 29 feet is aeslreet, eRa 
they are l::lst~ally limited te a fe•,~· fee1 Belew the 'IJater table. lA seme eases, a pl:lmpiFtg &~em may &e 
I'B"ttlrea te eeAtFel •,•Jeter lewis wilRIR &he pit, pFe•JIEiiRg &hat p~o~mpea t~~ater eaR be ad~Mtwately steFeEI er 
etlspesea. If eeil Elala at Elep#le greater thaR 1& feet are reqwlreEI1 the Elata are ws~o~ally eBiaiRed thre~o~gl:t 
teet !MtFiAgs IAeteaa ef teet flit&. 

1Ft aaaltleFt, t:tazarae~:~e wastes FFtay Be ere~:~ght te &he swFfaae ~ eMearJatieA BEt~JipFFteAI: +hie FFtateFial, 
!fll:telher Feff!eved freFFt the site er retYFRea te tt:te e~o~es~o~l'faee, mYst be prepeftt l:taAEileEI aaeer81Rg te &Ry 
&AEI all &Jiplieai:Jie federal, &late, aREIIeeal regwla&ieR&l 

6.8.2 'Feet Pit 8fUilf'eRetl liii8M'MI8R 

~et Jtlt& eF treFtet:l eMea•l&tiaRs are aeRstrl:leteEI Ylitl:l tt:te iAteRt that they will pre•JiEie aR epeR 'lier§p at 
e~:~8e1:1Ffaae lithelegy aRdleF dispesal aeREIItieRs that a beFiRg will Rei p19'1ide. ~e&e p19Gedwres dasGFibe• 
tl:te FFtethaas fer &M&a•JatiRg aREI laggiRg teet pits aRd tfeR&I:te& iRstallea te EleteFFFtiRa &YB&YFfaae sell BASI 
reek eeREtitieFts. +eat pit eperatieRa eJ:Iall ee legged aFtEI Etest~FFteFttea (eee ,\ttaehFFteFtt C~. 

l=eet Jtits BAS tFeFtehee fflay Be B*OB'l'BteEI ~ haAEI eF pe•#eF e~YipFFteFtt te peFmlt aetailee deseriJitieAe ef 
the Aatyre &REI eeAtsffiiAatien of-the-iR-situ- ff!aterials. +he size ef the &MearJatieR will ElepaREI pFiFFtaFIIy eR 
~e fellett'!iRg; 

• :J:he pwt:pese aREI eMieAt ef &he eMpleratieR 
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eamplee ef leaehate, gFel:IA9WateF, eF slaevJell aeil eaR ~e eelleeted with teleseepiRg pelee er &imilar 
9it~lf!IFR8At. 

QewatefiAg aAd >..r.'8teriAg ma~ ae FeqYiFed te eAsure lhe &lability eJ lhe side t~Jalla, ~ pret,18At IRe 9et&9m ~ 
ef. the rtit ffem hea'liAg, eRa te keef!l the e:Maa'iatieR stable. +l:lis is aR impeFtaAt eeReiae.atieR feF 
e:Mea~~atieRs lA eeheaieAiees material bele'l'>' Ute gFBYRdwateF table BA~ fer eMea'4'atleAs left epeA IJFe&tel' 
than 8 ~8y. bi~ttd~s F8m9'ved 8S a FeSYil eJ ElewateFiRg epeFations ..fAY6t...be hMdled as peleRiially 
eeAtsmiAated m8teFials. PFBeed~r:es fer the eelleetiBA BAS di&Jiesal ef Sl::leh meteFials eheYI~ be 
dlse1:1ssed iA the site SJ'eeifie prejeet rtlaRe. 

Wher:e J:Jes&ible eM98\'8lieAs aAd test pits shall be epeAed aAd elesed wlthiR Ute same VIOAdAg days 
Where this is net peeeible, the fell9\t.tiAg eAgiAeerlng eeAtrels shall be pwt iR plase le seRtFel aeses&i 

• TreReh eeveF61etreet plates 

• FeAeee eAeem,.assiRg the eRtiFe e:Mea•..atieR IAteRaea te seAtFel aesess 

• '1/aFAIAg aigRe WBFAiRg liJ8F69RR81 ef the hailaFa& 

• ArftbeF flashiRg lights te deRlaFeate beYRdaFies eJ the e:MeavatieR at Right 

~eawtleRa left epeR will !:lave emeFgeRG)' meaRs te eMit st::lewla semeeRe aeeiaeRtally eRteF. 

6.8.3 Sampling In 'Feet Plte and TreFiehee • 

6.8.3.1 SeAeFEII 

beg tost pite &As treRehae as they a.e eJE&a\laleEI lA aooonlaRee VJitA the ~61 Pit beg pFaeeRted lA 
AtteehRleFtt G. =FI'Ieee FeeeFEis iReiYse pieR aAd pFefile skelel'les ef tl'le test pltiiFeRel:l sl:lewiRg RlateFial&o 
'AeeYAteFBEI, their ae(:Jll'l BREI dlelfibYtiBA iR the (:Jitllr&AeA, BAS 98l'flple leeatieRe. +l:leee FeeeFEie alee 
trteh:tfte safell,• aRd sample ssFeeAIRg IRfe~atie~. 

El'ltf)' ef test ~lte by peFSeARel is eMIFBR!ely ElaRgeFewe, shall be a'-'eic:tad YRiese abselwtel~ Resee&af¥, aR& 
eaR eee1::1r eRiy afteF all applleable healtl:l aAd safet¥ aRd 08~.0. reqwiFBmeRts have beeR mel as &tateEI 
abe'4'e. 'Riese ~Fe·AsleAe •tllll be .eiteretea as af!lprepFiate lA tl'le jilrejeet speeifie loiA&P. 

l=he fiRal Ele~th aREIIype eJ samples eblaiReEI ffelfl eaet::llest pit will be Eleta~iReEI a& the time tAe tes' pil 
ie 9M9B\Ia&eEI. Sl:lffieient samples are ws~:~all~ ebtaiReEI aREl aRal~ea te qwaFitify eeAtamiRaFII dlstFibwtleA 
as a fwRGtieFI e~ aeptt::l fGr eaot::l teat pi&. Addi&ieAal samples eJ east::! waste pl:lase aM BAY 11wla& t 
erteettRtereEIII'I eaet:l teet pit may else be ealleeteEl. 

IFI seRle eases, samples eJ sell m~ be e~s'ac:t ff:elfl tRe tes& pit fer Fea&eA& ell:ler tRaR waste sampliAg 
BRc:i el:lelfli&al aRalysis, fer IRStaRee, te estaiR geeleGt::IRiaal iFifeFmatieFI. Swel:l iFife~alieR IRslwEles sail 
~pes, stFatigrepl'ly1 slreRff'l:l, els., aREI eewiEI #leFefeFe eRtail ll:le eellaetieR ~ Elis&wF&eEI ~g.a9 eF iilwlk~ er 

I ac;t~ A' Feluuely YREII&IY~ ~t::laRa sa~ea er pl.l&l:lecUQFit,~aA) ea~plas lAM saR be 'as*- oQF geeteGooRisal 
prepef:tiee. :J:he pwfP9sea ef ewoo aMpleratleR& aFe "'efY eiR!IIar le tl:laee ef al:lall9'.'>1 &JEpler:ateFY er teet 
beFIFtgs, 8~ afteR test ~ita effer a faeleF, RleFe east effeetl\le FRBthed ~ sampiiRg than installing borings 

6.8.3.2 SemE!!iRg !iawiBffieRt 

l=t:le felle\viRg eqYipmeRI is ReeEieEI feF oBtaiAing saFAples fer st:lemisal er geetest:IRisal aRalysis W!¥1 tea' 
~'its BREI VeAiiiRes: 
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• Samples ~ #le test plt-FRaleFial are le tie etllaiAe~ eltt:ler ~irestly ffem &he ~aekt:lae tl1:1ekel eF ffem tAe 
mateFial alar II has !:leeR aepeslteEI eR lt:le grei:IREI, as feiiEJIA's: 

a. Tt:le sampler ar liOL. st:lall EliAJGI #le tlaskhee epeFater ta reme\'e mateFial ffem lt:le selesteEI Elep#l 
er leeatieA •JAI:IIR the test Jllt/4reAeh. 

b. +he ba~ee epaFater st:lall IHiRg ll:ta ~weket e'-'8F Ia a EleaigMted leealieA eA the sldern'811 e 
ew#fieieR& dis&aRee ffem #le pi& (a& least 6 feet) Is aii9'H &t:le &aRtpler te ,. .. '8Fk arei:IAd IRe b1:1eket 

c. After the ~t:teket has !:leeR sa& eR &Re grewAa, the tlaekt:lae apera&er shall ellher alseRgage &Ae 
eeA1Fels er shl:ll &Re masl:tiRe aewAI. 

d. lftJ~eA sigAaleEI ~Y IRe apeFatar &Rat I& Is safe ta aa, &Re &aRtpler ·.·Jill appreael=l the ~weket 

e. +he seil shall be FR9Ritel8a wl#l a pt:letalaAii!atleA ar flame leRii!!alieA Eleteeter {PIB er FIB~ ee 
alreeteEI iA the prejee& speeifie plaRFtiRg EleBI:IRteAttt. 

f. +l:la sampler shall colles& ~e sample frorA lt:le aaFtter ef: &Ae bweke& eF pile lA aeeeRIBAee 'h'ilh 
• s~:~ffeee sell e&FRJIIIRg preeeEiwree eJ SedeR 6.3 ar 6.4, as applieable. GalleetiFig eamplee ffeFR 
the aeFiter ef a pile er ~1:1eket eiiFRiAatee 6F86S eeFiteRtiMiiaFI ffeFR &Re ~Yeket eF ether Elepth 
IFiteFVale. 

• II a aampeslte sample Is aeslrea, se'<!eral depth& ar looatieRs wlthiA the pitllreReh will ~e eeleeted, eAEI 
lhe bwsket will be filleEI ffeFR eaeh area. It is preferable te seFtEI iREiiYiEit:tel eaFRple hetlles filled ffel'l'l 
east:! l'iwsket te the la~FateFY fer compesltiRg wAder the FA918 eeRU:elled labeFate~ aeRailieRs. 
H9'Hewr, IJ seFRpesltiRg IR the fiala is AJ~wl~aa, eaat:l sample seRiaiAar sl:lall be Jlllea ffQm mateFiale 
thai A aYe laseR treRsferreEI lAte a RtHEiRg ~Yeket BAd t.eFRegeAied. Nete U,et 
l:leFAegeAiilatieAtc;gFApG&ItiRg is Ret applisatlle fer aaFAplea ta 9e swbjeeteEI te \'elatile aFgaAie aAalyeie. 

'-AI!IJ.ON 
Care must be exercised When using the remote sampler described In the next step 

because of potential instability of trench walls. In situations Where someone must move 
closer than 2 feet to the excavation edge, a board or platfonn should be used to displace 

the sampler's weight to minimize the chance of collapse of the excavation edge. Fall 
protection should also be employed when working near the edges or trenches greater 

than 6 feet deep. An immediate means to extract people Who have fallen into the trench 
will be Immediately available . These means may include ladders or rope anchor points. 

• .YsiRg &Re reFAete sampler sAe'I.'R IFI MtaeRRteRt D, e&FRJtles eel"' be teltel"' at U,e desh ed deptt 1 fmm 
-the eider.'lail er l:JelteFA ef the pit as fellew&i 

a. ierape IRe fase ef IRe pitftreRet:i YSiAg a leRg haRdleEI el:le¥el er t:lae ta reFRe¥e IRe smeared eRe 
tt.el t.ae eeRtaeted tt:le baekhee bl:leiEet. 

b. Celleet &Ae saffiple alreaDy iAte the samr:tle jar, by seFar:tiAf:l ·.vith the jar er:tge, elimiHetiAg the Aeea 
fer seffir:tle t.eAdlil"'g e~tlir:tmeAt end mil"'iFRIZ:iAg the lilteliheed eJ eAMS eeRteFRiAetiel"'. 

c. Gap the sample jar, ramaw it ffeFR tRe reFRale saFRpler aseefftl:JI:,«, aREI paskage the sample fer 
ehipmeRt iR aeeeFEiaRse wiU:i SOP SA 6.3. 

• GeFRplete Elaet~meRiatieFI as EleeerleeEI iR SOP SA 6.3 aREI AMaet:IRteAI G efthle 8QP . 

019611/P Tetta Tech NUS, Inc. 



Subject Number Page 
SA-1.3 25 of 31 

SOIL SAMPLING Revision Effective Date 
9 04107/2008 

Qle'•·n•ee"' grae eF 81:1lk geetest:IAieal sail samples may ee eelleelea feF meal eeil iA the same FAaAAeF aa 
ea"'paFalale seil eamples feF eheFAieal aAal~ie. :J:heee eelleeleEI eaFAples fflBY be eterred in jel"9 er plastie 
liRed saGks {lar:ge~ &a~ples}, w~lc:h will p~&&p,IQ &hal~ mei&W~ GG~eR&. S"'alla~ sample& at &hi& ~pe are 
W81:1BIIy te&lefl feF theiF 1Rd8M pF8peFtiee te aid IR sell ldeRUfiGatiOR BREI elaseifieati&Ri iaFgeF bl:llk &aFAplea 
aFe ws1:1ally F8~1:1ired te pe~FFA ee"'paalieR teste. 

Relatiuely I.IRdistur:bed sa~ples aFe lal&lalally ~G&ed IR Gehesi,.te sail w&IRg thiR walled lYse sa"'pleFS, 
aREI &l:leh ea"'plea are theA tested iR a geeteei:!Aieal laeeFalefY feF theiF MRgth, peFFAeabllily, aAdleF I 

69"'fiF86&18ility. +he teef:tRi~l:le& feF eJftra6liRg BREI pF869FYlRg Bl:l&h &afflt~les 8Fe eiFAIIBF te these 1:1998 il'l 
pelfo~IRS Sl:lels~ &use sampliAg IR eaFiRge, BMeept that the eampleF is adYaAeed by haAs er eaelthee, 
Ri#le~ &haA 8~ a dAII Fig. Alee, &he sampler: FRS¥ be &MtFaeteEI ffem the teat pll by eMeaYatleA af81:1M the 
11:11:te wtteR II Is diffia.lt te pwll It el:ll ef the grei:IAEI. I# this eKea\'EltieA re.:t1:1ires eMf)' ef the teet pit, the 
FeEfl:llremeAie aeseFibed iR SeetleR &.8.3.4 shall ee felleweEI. :J:he thiR "'''18lleEI wee eampleF shall lila 
tJI:I&heEI eF EIFi'lleR 'llf!fllHII'll iRte the tleeF eF steps eMGB\'M&EI lA Ita teet pit IH l:le deeiHMt 88MJIIiAg 
eler.tatiaRs. extr:&GtiRg tube samples heFiileRtally from &he 1.'1811& 9f the test pit I& Re' appFepFiate beea1:1se 
the saFRple will Ret have the eeFFeet eFieRtatieA. 

A sleEige hamhteF 9F eaekhee may ee 1:1sed te dFi'Jle &F p1:1eh the tl:l9e iAte the gFei:IFid. Plaee e pieee et 
weea 9'J~&F tt:le tep eJ the &aFRpleF eF saFRpiiRg wee 'e pre'JeRt Elamage di:IFiRg dFi'JliAgltiJI:IshiAg eJ the 
&aFRple. Pw&hiRg &he sampleF •.¥1th a eeRstaRI &hFI:Ist is always pFeferaele te EIFMAg it with Fe~eated blews,. 
&hws FRIRi~i~iRg diatw~aAGe te tt:le saFRple. tOA:IeA l:l&iAg a slesge hammeF, it is FeeefflfflBAded tl'lat the 
&a~pleF be &tatliliHd l:l&iRg a Fepe,lstrap IJHeRGh eF pipe WF9R9h te FeFA9\t9 the peFSeFI'B ABAdS AeldiFig th& 
saffl~leF freffl the etfiiEe i!eAe. I# ttte eafftple eaAAet be eMIFaeled ey FetatiAg it at leaat twe Fe'flell:ltleAe fie 
sheaF eiJ the &a~ple at the tleUeFR}, heek the &aFRpleF te the 9M9a'JateF eF eaekhee aAS eMIFael. +hie 
MeaRs aR alteFRatir.f9 heaa will ee 1:1sed as a eeRAeetieR peiRt eF that FAI:IItlple al:leke "ilehee 'll'ill be• 
applied te aMtra~ tRe sa"'pleF. I# this falls aAEI tt:le eMea'JateF &aA dig EteepeF 'l'<lithel:lt 13eteAtlally iffli'SetiAg 
e1:18e1:1Ffaee l:ftilltlee, eM&aY&te the sampleF. IJ tl=lle fails eF I# the eMeaY&teF 9BAAet 9e 1:1eea d1:1e te 
swb&wFfaG& l:ltilitie&, haRd BMGa1,1ate te ~FRQ~,~e the sell from are1:1REI &he &lEla& «* tt:le &aFRpleF. I# haAEI 
QM&a'JatleR F8~YIF96 eRVy lAte the teet pit, the F&qYiFe"'&Aie IR SeetleA &.8.3.4 Ffti:IM be feiiEW,•ed. Pf8pare' 
•t:.e sample as aesc;Fi9ed iR Steps 9 thFewgh ~3 iR SeetieR 8.~:3, aREIIaeel, peek &REI tfaAspeA tl=te eafflple 
iA tt:le Feqi:IIF&EI maAR8F, as Ele&sFiseEIIR SOPs SA i.3 BREI SA 8.1, 

6.8.4 Baekfllllng ef "Frenahaa BREI :J:eel Plte 

AU teat pita aAEI &Mea'J'I8tieAs m1:1et be eitt:leF baekfilleEI, ee'l!eFeEI, eF etAaF\'l~se pFeteetea at U:le &REI e# eaeh 
dey. Ne e:M:ea'i'&tlene shall f8fflaiA eJ'eA dl:lfiAg AeA ·ueriEil'lg he1:1rs l:ll'lleee edet:~tlately ee\'erred er 
elheFltM&e pFeteeled. 

Befere 19aeltfi111Ag, the eAelte errew ffl&y J'AetegFBph, IJ feEII:Iired 9y the prejeet epeeifie weFit J'IBA, all 
'811AifieaAI feaNF96 8Mf39&ed e~ the test pit BREI ARGh aREI &hall iRGIYEie iR &he ph9tegFaph a &Gale te &h91l¥ 
EliFA&R&IeR&. Pt:letegFaphs ef test pile shall 13e "'aFked te IReii:IEie site Rl:lmbeF, teet pit Al:lfflBeF, Ele~th. 
tfeeeFi13tieR el featl:lre, aAc;j c;jate el phetegFaph. lA aaaltleR, a geelegie deseFiptieA e# eaet:t phetegFe~h 
ehall ee eRteHMt IR the site legeeek, All pl:letegrapl:l& sl=lall ee IREieMed aAd FRaiRtaiRed as peA ef the 
pr:ejeet file feF RRI:IFe refe~Rae. 

Atler iRepeetieR, baek#lll material &hall be Feti:IFR&d te the pit YRdeF tl=te aiMGtieR 9f tt:le FOb iaeklill 
a"e1:1ld be Fetl:lmeEI to the trench-er test pit i~ 4.lBmpaGtea vAtl=t the I31:1Eiket ReMete 
eeAIFellea tampef& ElF FeiiBF& FRB~ BB I9111~8Fed iRIEI the tfeRGh BREI epeFated W~ tap &iae, +Ri& preGedi:IF9 
will eeRtiRYe te the gFade &I:IFfaee. It Is FeeemmeRfleEI that the IFeAet:t be tra&keEI eF Felled lA. 9t1FiAg 
~Ga•..talieR, sleaR sail wm &he tap~ feet may ha'JS seeR separates te ee 1:18ed te ee•veF t~e lest 
aegmeAt&. tOA:Iera tt:teae materials are Ret eleaA, ll ie Fe&eFAMeMiea that eleaA fill be ~:~sea fer the tap 
ee~9F. 
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• Soil type classification 
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The purpose of this procedure Is to provide general reference information on Direct Push Technology 
(OPT). OPT is designed to collect sol~ groundwater, and soil gas samples without using conventional 
drilling techniques. The advantage of using OPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with dHficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells. The methods a~ equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling Is 
discussed in SOP SA-2.4. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for OPT. Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampHng techniques. The techniques described shall be foUowed whenever applicable, noting that site­
specific conditions or project-specific plans may require adjustments in methodology. 

3.0 GLOSSARY 

Direct Push Technolooy topo - OPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment. OPT typically utilizes hydraulic pressure and/or 
percussion hammers to advance the samp6ng tools. A primary advantage of OPT over conventional 
drilling techniques is that OPT results in the generation of little or. no investigation derived waste. 

Geoorobe! - Geoprobee is a manufacturer of a hydraulically-powered, percussion/probing machines 
utilizing OPT to collect subsurface environmental samples. Geoprobee relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobee equipment can be mounted in a multitude of vehicles for access to aft types of environmental 
sites. 

HydroPunchlM - HydroPunchTM is a manufacturer of stainless steel and Teflonct sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 
groundwater monitoring well or conventional soil boring. HydroPunch™ is an example of OPT sampling 
equipment. 

Flame Ionization Detector CF!Pl - A portable Instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds In air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing a flame as the energizing source. 

Photo loniimtlon Detector lPID> - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per miiHon levels. The basis for the detection is 
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source. 

4.0 RESPONSIBILITIES 

Prolect Maoager - The Project Manager is responsible for selecting and/or reviewing the appropriate OPT 
drlling procedure required to support the project objectives. 
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Ae!d Oceratioos Lead8r CFOU- The FOL is primarily responsible for performing the OPT in accordance 
with the project-specific plan. 

6.0 SOIL SAMPUNG PROCEDURES 

6.1 General 

The common methodology for the investigation of'the vadose zone Is soU boring driiHng and soil sampling. 
However. driiUng soil borings can be very expensive. Generally the advantage of OPT for subsurface soil 
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 

5.2 Samplna Equipment 

Equipment needed for conducting OPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 

• Geoprobgtt Sampling Kit 
• Cut-resistant gloves 
• 4-foot x 1.5-inch diameter macrocore sampler 
• Probe sampling adapters 
• Rota-hammer with 1.5-inch bit 
• Disposable acetate liners for soil macrocore sampler 
• Cast aluminum or steel drive points 
• GeoprobeGtAT-660 Series Large Bore Soil Sampler, or equiwlent 
• Standard decontamination equipment and solutions 

For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit In 
Attachment 1 , or the more detailed directions provided in the project's Health and Safety Plan. 

5.3 DPT Sampllna Methodology 

There are several methods for the collection of soil samples using OPT drilling. The most common 
method is discussed in the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 

• Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Rota-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material. A Rota-hammer may 
also be used if very dense soils are encountered. 

• The sampler is advanced continuously in 4-foot intervals or less If desired. No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

• The sampler is retracted from the hole, and the 4-foot continuous sample Is removed from the outer 
coring tube. The sample is contained within an inner acetate liner. 

• Attach the metal trough from the Geoprobae Sampling Kit firmly to the tail gate of a vehicle. If a 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

• Place the acetate liner containing the soils in the trough. 

019611/P TetraTechNUS,Inc. 
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• While wearing cut-reelstant gloves (constructed of leather or Olher suitable matertaQ, cut the acetate 
liner through Its entire length using the double-bladed knife that accompanies the Geoprobe8 
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils. 
Do m1 attempt to cut the acetate liner while holding It In your hand. 

• Field screen the sample with an FlO or PID, and observe/examine the sample (according to SOP GH-
1.3). If appropriate, transfer the sample to sample bottles for laboratory anal)'sls. H additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval. Reid 
compoaiting is usually not acceptable for sample requiring volatile organics analysis. 

• Once sampling has been completed, the hole Is backfiHed with bentonite chips or bentonite cement 
grout, depending upon project requlremema. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. AR holes should be finished smooth to existing grade. 

• In the event the direct push van/truck cannot be driven to a remote location or a sampling location wfth 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric 
operated eqlipment (e.g., jack hammer). 

. • Sampling equipment is decontaminated prior to colecting the next sample . 

8.8 QRGYNBWATEA8£MPUNQPAGGEDUAE8 

6.1 Q ....... 

l:be AIC.t C:OA:IAIOA A:aetb9Gtelagy fat: 11:18 iFWe&llgatleR et greYfB'I&teF is tt:le iR&tallatieR Mfj e&fl'ttJIIRfl M 
peRRaR&At AIORi&oFiRg wells, If oR¥ pu~Nalw sc:reeRIAg is J&qui*• IM iRstallatieR aAd aaAipARg at 
tel'l'lf!H'I'81')' ·~wn J'&iAte I'M)' be J'&rfefi'Rafj. +Ae adYaAtage et ~eFRpera.y well J~&i~ iR&tallatiaA IMIAg QJZI: Ia 
Fe.tYeM east aYe te Ae er FRIRiRial .tlepeaal ef .tttlliRg eultiAI& aR.t -.veil eaAMFYetieR RIIHeFials, &Ad ehertar ' 
IAitallatieAitlfl'ta& BBMpliAg. 

Mv9 al&a8¥anlagaa gf QPT aFII~Rg far well pel~ iRstallatieR &FBi 

• ~fl aqylfere r.tJ!tt:t le\~ yield&, lj.TJ8R peiAta FMY ha¥e te be e&MpleEI Vlilhet:ll ptt"'iAg 8P Elevelepfft8M . 
• ~~ wiYRI& reqttiFeMeAl& are high, thie melhad eaR iMt tifftB e&Mttfftlfll fer le\T~' yield at~tlifaHJ • 

6.2 IIIBINRI ........ 

&EtYipmem fleEKtM fer leFRperv; wall iA&IaiiiHieR a eampliRg w&iRg QPT iAc:IY&aa, bYt ie Ret IIFRiteEI1 te 
the fell9\viRg; 

• 3 feet X 1 iABA ai&Maler FRAI &loiN (Q,QOi te Q,Qa iRGA) ,_.Jell poiRt 
• 6eAAaetirtg reds 
• Rete l:t&FRRI&F rt.~~ 1.& iRGI:I &It 
• Meah&Aieal jaelt 
• ~114lrteh ae J'&'Y&thyle"e W:li"' 
• ali iRGA QQ pelyetl:lyi&R8 twDiRg 
• Pel'let:altie J'I:IM" 
• StaAdaF& .taeeRtaFAiAMiaR eqYiJIFRB~ aRe aelt:lliaRa • 
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8.3 RPI 'Ftp!!poraw Well Polat IMIIIIalloa aad I!IMI!pa Mllbocloloay 

+t:leFe are &M.'eral melnuM fer tt:le iAIIa!latieR aRd sampliag et tempef&fY well peiRtll Ysiag Q51+. +he 
M884 69FRFR9R meth .. !egy is diBSY88eQ l:lelow. ~JaFiati9R8 CJt ,1:18 tellewing metheG m~ lila SGRdYSl84 
YfiBA appre·/81 ef the Prejeel M&Aager iA aeeeff:jaAee with the prejeel epeelfie plaA. 

• ~. a teet • ~ IRa!:! alafAar FRill alea8d (Q,QO& tG 0.03 iAGI:I~ well peiAI aataGI:Ied tG ggnn&G&iag ~ ia 
tiFMIA lAte the grei:IAd tG the desired dept!:! Y&IRg a reta.y eleslFie hafAmer or elher '"NGt pwsh dAII Ai• 
If tl:lere Ia GQRGFN er pavemem Qtf&F a &ar.Rp!lng JQQaton, a Reto-hammer or e!tMi:IAG c:oriag IR&GI:Iine 
Ia l:l&ed ta &Fill a l:lele lhroygt:llhe &Yifaee material1 

• +t:le waN peiA& willl:le allawed ts ~ui!ibra&a JQF at leu& ~ 5 miniA88, after wl:lic:tl a mauui!8FR8AI ot ~e 
etatie water !awl vlilll:le takeR. +!:Ia IA!tial maasl:lretReAt ef the water IM.'BI will l:le weeEt 4e aeee• the 
amoYAt of wa&er whiGh Ia pF88eAt in the •t:e!l paint and te Elete~IAe tt:le aFRet:IAt ef silt &Ad saRa ' 
iAfiltFMieR #let may t:Jar;e eeawFF&EI. 

• =Ate •;~ell peiRI ,.viii l:le EIS\IelepeEI l:l&iRg a peristaltiG puFRp anEI pe~ne hll:l!Rg te reFR0¥8 silt &Ad 
aand. wRic:b RI8Y ba119 eRterad &be well poiAt. Tbe wall poiAt is davel9pad by iRB&FiiAg pe~ylana 
bll:liRg te IRe l:l91tem 9f the well peiRt aRd lltliRg BAd leweFiRg the 'wbing slig~ 'IA:IIIe the pump Ia 
eperating. +t:la pwFRp '"'Jill be eparatad a& a maximum Rita of &ppfOxlmata~ 2 li&aRI per mlni.Ke Atwr 
romeval et &adimen& trom &t:la lilolom of IRa well peiAt, U. well peiAt will be tAggroua~ pumped at 
FRBKiFRwm eapasity 1:1Rtil Etieet.Fge t,.valar Is tJisll:lly sleaF aRd ne twJtl:laF sadiiR&A&B are belag g&Aara&ad. 

•MeaswremeRt& et plot, speslti9 eeRawetBRee, tempeRHI.Ire, BREI Nftii"ity st:Jall be Feeeree" eve..y & &e 
19 FRiRYies EiYFiRg the pYflliRg preee&&• After t\'Je eeABisteRt readiRgs et plot, spealfls sendwetaRee, 
temper&Nre aREI twmiEtity (:t~g peFGeRt), tl:le '11&11 may ba sampled 

• p, sample '!Jill be eeii&EICeEI waiRg the peRatallle p1:1mp eat al the same er reEi~o~see speeEI as Et1:1FiRg well 
ltevelepment, iample& (will:! the eMaeptien of the &ar.Rples to be analymd ter volatile eFg&AiG 
eem,ei:IAd&, ¥QGe} willl:le seReeted dire~ trem the pump discharge. ~BFRple coAtaiR&AI fGr ltOCa 
will l:le JilleEt lty (til&t sl'll:lttiRg EM IRe pwmp~ sFimpiRg ~e Etisshafll& eRd of tt:Je sample N~iRg wheR 
tillec:t, rem9tJing tt:le IAI91 &Ad ot the saFRple twbing trem the '""-'811, swspending the iRiet twl:liRg abetJ& IRa 
~al, MEl allewiRg •Neter te till eaet:J vial if¥ gFBPJity tlew. 

• OAse ttMI growACMa&er &ar.Rple hal ~e&A GOII&GaeEI, II& G9AA&GtiRg red& and weA peiAI will be AIFR9\'8d 
""" the hale \vith the Ellf'eM pi:IBh rig hydFBHiiee. =R\8 tlele will 1:18 baeldilled with beFtleftite ehipe e• 
t:tertte"ite eemeRt gretft, Ele~RdiRg 1:1'eA 'rejeet re~1:1iremeRts. Aepl'lalt er eeAerete patet:J will be 1:11ed 
te eap t:Jelee tt:Jrewgt:t pEWSd er eeRerete areas. All t:telee will ~e fiRi&t:JeEI &R'Ieett:t te eJEistiRg gFBEie. 

• IR ~e er~&R& tRe dire&~ p~o~stl•laF'AFuGk GaRRet be dFi•.~&A to a RiiRete loGatien or sampling "'*ieA wi&~ 
~itliswl& &GG&&&ibility, aarRpliAg prgtaea FAa~ be ad\fancad and &arRpled a:Ran~:~al~ e,: wilb airleladlis 
operatec:t equlpmaAt ~.g., jac:k har.Rmar).· 

• lileeerttarnh tate the eq1:1iprnem befere m8'1 i"g te the ReMt leeatieH • 

7.0 RECORDS 

A record of aH field procedures, tests, and observations must be recorded In the field logbook, boring logs, 
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 
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ATTACHMENT 1 
SAFE WORK PERMIT FOR DPT OPERATIONS 

Permit No. .Date: Tine: .From . to 

SECTION 1: Genenll Job Scope 
I. W9rk limited to the •olowlng (description, area, equipment used): Mon!tortna Will driDing IDd ll'!lllllllllon 

lbrouah !al!lil DU8h tachnoloav 
II. Required Monitoring lnstnments: 

Ill. Field Crew: 

IV. On-site Inspection conducted 0 Yes D No Initials of Inspector 
TtNUS 

SECTION II: GenenllSalely Requintmentll (To be filed In by permit Issuer) 
v. Protective equl§tnt requlrad Respiratory equipment r:;red 

Level D Level B D Full face APR Escape Pack D 
Level C Level A D Half face APR D SCBA D 
Detailed on Reverse SKA-PACSAR B Bottle Trailer 

ml Skid Rig None 
Level D Minimum Requirements: Sleeved Ibid amt lg cants. !afetv footwll[, IDs! ~m 912•. §llmsHIIB, 
blm him. rmd hear!ng Rmtectfon will bft worn MliD m;~miog our 21: samR!Ing In l!:!ft vlclnlw of l!:!e QPT dg, 

Moc:lficationsiExceptlons. 
VI. Chemicals of Concem Action Level(s) Response Measures 

VII. Additional Safety Equipment/Procedures 
Hard-hat............................... 181 Yes D No Hearing Protection (Plugs/Muffs) 181 Yes DNo 
Safety Glasses ...•................ 181 Yes D No Safety belt/harness § Yes 181 No 
ChemlcaVsplash goggles ....• 0 Yes 181No Radio Yes 181No 
Splash Shield ....................... DYes 181 No ~~ Yes DNo 
Splash suits/coveralls •......... DYes DNo Gloves (Type - >BYes B= Steel toe Work shoes or boots 181Yes 0No Work/warming regimen Yes 
Modificationa/Exceptions: BIUective xests mt bilb treffic lmll· 

VIII. Procedure review with permit acceptors Yes NA Yes NA 
Safety showerfeyewash (Location & Use) .•...•.•.•. D e Emergency alarms ......••...•.•...•• 0 D 
Daily tail gate meetings .........•.•.••.....•...........•...... 181 Evacuation routes •••••.••......•.•••. 0 D 
Contractor toolaltQukzmtollf~E lnsoected ........ n n Aseenmbl R2fnll ....................... n 0 

IX. Site Preparation 
Utility Clearances obtained for areas ~ subsurface lnvestigalion DYes DNo 
Physical hazards removed or blockaded DYes DNo 
Site control boundaries demarcatedfsianage DYes DNo 

X. Equipment Preparation Yes NA 
Equipment dnRtedldepressurized ............................................................................................. 0 ~ 
Equipment purgedlcleaned ........................................................................................................ D 181 
Isolation checklist completed ..................................................................................................... 0 181 
Electrical lockout requlredlf181d switch tested .........•.......................•.•..••.......................•............ 0 181 
Blindsfmlsallgnmentalblocka & bleeds in place ......................................................................... 0 181 

XI. 
f:tazardous mnte!!IJI sm DJislbebilld ftners S&Qnsidered ............................. , .•.•••.•.....•..... [j"" ... D 181 

Additional Permits required (Hot work, confined space entry). ........................................... Yes 0 No 
If ,t:es1 complete f!!!.Tmlt r!!J.Uired or contact Health Sciences, PittsburiJ.h Office 

XII. Special instructions, precautions: 

Permit Issued by: Permit Accepted by: 
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The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT -04. 

2.0 SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of §172.101 and §172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, lATA has 
adopted DOT "hazardous materials" as lATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by 
EPA. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.). 

~- Not otherwise specified. 

Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed 
on the side of a vehicle transporting certain hazardous materials. 

Common Preservatives: 

• Hydrochloric Acid - HCI 
-• Sulfuric Acid - H:!S04 
• Nitric Acid- HN03 

• Sodium Hydroxide - NaOH 
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Normality (Nl - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. 

Reoortable Quantity lBQ)- For the purposes of this SOP, means the quantity specified in column 3 of the 
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater 
than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 SamPle Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as 
other information) per 40 CFR 136. In general, the sample container shall allow approximately 
5-10 percent air space ("ullage") to allow for expansion/vapprization if the sample warms during transport. 
However, for collection of volatile organic ·compounds, head · space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container 
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis. 

Once opened, the container must be used at once for storage of a particular sample. Unused but opened 
containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and 
irreversible preservation of samples is not possible, preservation does .retard the chemical and biological 

019611/P Tetra Tech NUS, Inc. 



Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

Number 

Revision 

SA-6.1 

3 

Page 
4of 11 

Effective Date 
02/04 

changes that inevitably take place after the sample is collected. Preservation techniques are usually 
limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples only). 

6.2.1 Overview 

' 
The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior to 
their shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall 
be used for preservation. In general, aqueous samples of low-concentration organics (or soil samples of 
low- or medium-concentration organics) are cooled to 4°C. Medium-concentration aqueous samples, 
high-hazard organic samples, and some gas samples are typically not preserved. Low-concentration 
aqueous samples for metals are acidified with HN03, whereas medium-concentration and high-hazard 
aqueous metal samples are not preserved. Low- or medium-concentration soil samples for metals are 
cooled to 4°C, whereas high-hazard samples are not cooled. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and 8 indicate the specific analytes which require these preservatives. 

The FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 
Manual). Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) is 
collected for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
disposing of these substances review the appropriate MSDS for substances they will work with. The 
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner where 
they are readily-accessible to all personnel. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 
water before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water 
(not vice versa). A dilutions guide is provided below. 

Acid/Base 

Hydrochloric Acid (HCI) 

Nitric Acid (HN03) 

Sodium Hydroxide 
(NaOH) 

Dilution 

1 part concentrated HCI: 1 part 
double-distilled, deionized water 

1 part concentrated H~04: 1 part 
double-distilled, deionized water 

Undiluted concentrated HN03 

400 grams solid NaOH dissolved in 
870 ml double-distilled, deionized 
water: yields 1 liter of solution 

Concentration 

6N 

18N 

16N 
10N 

Estimated 
Amount 

Required for 
Preservation 

5·10 mL 

2-5ml 

2-5 mL 

2mL 

The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample. This assumes that the 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these Conditions 
vary, more preservative may be required. Consequently, the final sample pH must be checked using 
narrow-range pH paper, as described in the generalized procedure detailed below: 
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• Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the 
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette. 

• Add about one-half of the estimated preservative required to the original sample bottle. Cap and 
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

• Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

• To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on Kl-starch paper. A blue color indicates the need for 
ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the Kl-starch paper. 
Repeat until a drop of sample produces no color on the Kl-starch paper. Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described above. 

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double­
distilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

• Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the 
residual chlorine. 

Continue with proper acidification of the sample as described above. 

For biological samples, 1 Oo/o buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 

5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical cons.ituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

• The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection. The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 

019611/P Tetra Tech NUS, Inc. 



Subject 
NON-RADIOLOGICAL SAMPLE 
HANDLING 

Number 

Revision 

SA-6.1 

3 

Page 
6 of 11 

Effective Oat& 
02/04 

• To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Tum the peristaltic pump on and perform filtration. 
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 

• Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

5.4 Sample Pac!caglng and Shipping 

Only employees who have successfully completed the TtNUS "Shipping Hazardous Materials" training 
course are authorized to package and ship hazardous substances. These trained individuals are 
responsible for performing shipping duties in accordance with this training. 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste 
(lOW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be ~ade between the two types of samples in order to: 

• Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.) 

• Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for pacl<aging environmental samples are outlined in the remainder of this section. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

• Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag. 

• Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. "garbage" bag). Drain plugs on coolers must be taped shut. 

• Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking. 

• If cooling is required (see Attachments A and 8), place ice around sample container shoulders, and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

• Seal (i:e., tape or tie top in knot) large liner bag. 

• The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler. If multiple coolers are sent but are included on on~ COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis. The COC 
form should then state how many coolers are included with that shipment. 

• Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used. 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked •This End Up" and arrows placed appropriately. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 

6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, D.C. 

International Air Transport Association (latest issue). Dangerous Goods Regulations, Montreal, Quebec, 
Canada. 

U.S. Department of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, U.S. EPA­
EMSL, Cincinnati, Ohio. 
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ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

I Sample Type and Concentrallon I Contalnef'' I Sample Size I PreseN&tion~' I Holdlng Tlme!l!l I 
WATER 
Organics voc Low Borosilicate~ 2x40ml Coolto4•C 14days'~' 
(GC&GCJMS) HCI to s 2 

Extractables (Low Amber gus 2x2 Lor4x1 L Coolto4•c 7 days to extraction; 
SVOCsand 40 days after extraction 
pestlcide/PCBs) 

Exlractables (Me<lum Amber glass 2x2 Lor4x1 L None 7 days to extraction; 
SVOCsand 40 days after extraction 
pestlcldeiPCBs) 

lnorganlcs Metals Low Hlgl-denslty polyethylene 1L HNO.JtopH s2 6 months (Hg-28 days) 

Medium Wide-mouth glass 16oz. None 6monlhs 

Cyanide Low High-density polyethylene 1L NaOH to pH> 12 14days 

Cyanide Medium WldEHTIOU1hglass 16oz. None 14days 

Organic/ Hi!tl Hazard WldEHTlOU1h glass Soz. None 14days 
Inorganic 

SOIL 
Organics voc EnCore Sampler (3) 5 g Samplers Coolto4•C 48 hours to lab 
(GC&GC/MS) preservation 

Extractables (Low Wide-mouth ~ Soz. Coolto4•C 14 days to extraction; 
SVOCsand 40 days after extraction 
pesticidesiPCBs) 

Extractables (Medium Wide-mouth glass Soz. Coolto4•c 14 days to extraction; 
SVOCsand 40 days after extraction 
pestlcldesiPCBs) -

lnorganlcs Low/Medium Wide-mouth glass Boz. Cool to4•C 6months 
(Hg - 28 days) 
Cyanide (14 days) 

Organic/lnorga High Hazard Wide-mouth glass Boz. None NA 
nic 

DloxiniFuran All Wide-mouth glass 4oz. None 35days until 
extraction; 
40 days after extraction 

TCLP All WldEHTlOU1h glass Boz. None 7 days until 
preparation; analysis 
as per fraction 

AIR 
Volatile Low/Medium Charcoal tube •• 7 em long, 100 Lair Cool to4•C 5 days recommended 
Organics 6 mm 00,4 mm 10 

1 All glass containers should have Teflon cap liners or septa. 
2 See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136. 
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ATIACHMENT B 

ADDmONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name Container11 Preservation1"11"1 Maximum Holding 
Time14l 

INORGANIC TESTS: 
Aclclty P,G Cooi,4•C 14days 

Alkalinity P,G Cool,4•c 14days 

Ammonia - Nitrogen P,G Cool, 4•c; H2S04 to pH 2 28days 

Biochemical OXygen Demand (BOD) P,G Cool, 4•c 48hours 

Bromide P,G None required 28days 

Chemical Oxygen Demand (COD) P,G Cool,4•c; ~.topH2 28days 

Chloride P,G None required 28days 

Chlorine, Total Residual P,G None required Analyze lmm&datsly 

Color P,G Cool,4·c 48hours 

Cyanide, Total and Af!lenable to P,G Cool, 4•C; NaOH to pH 12; 14days'"1 

Chlorination 0.6 g ascorbic aclcf5l 

Auor1de p None required 28days 

Hardness P,G HNOa to pH 2; ~to pH 2 6months 

Total Kjeldahl and Organic Nitrogen P,G Cool, 4•c; H:!S04 to pH 2 28days 

111tra1e • Nitrogen P,G None required 48hours 

Nitrate-Nitrite • Nitrogen P,G Cool, 4•c; H~4 to pH 2 28days 

Nitrite • Nitrogen P,G Coo1,4•c 48hours 

OII&Graase G Cool, 4•c; ~ .. to pH 2 28days 

Total Organic Carbon (TOC) P,G Cool, 4 •c; Ha or H~ .. to 28days 
pH2 

Orthophosphate P,G Altarlmmedately; Cool, 4•c 48hours 

Oxygen, Dissolved-Probe G BotUe& top None required Analyze inmedately 

Oxygen, Dissotved-Winkler GBottle& top Ax on site and store in dark 8 hours 

Phenols G Cool, 4•c; H:!504 to pH 2 28days 

Phosphorus, Total P,G Cool, 4•c; !i250• to pH 2 28days 

Residue, Total P,G Cool,4·c 7days 

Residue, Alterable (TDS) P,G Coo1, 4•c 7days 

Residue, Nonfilterable (TSS) P,G Cooi,4"C 7days 

Residue, Settleable P,G Cooi,4•C 48hours 

Residue, Volatile (Ash Content) P,G Cool, 4•c 7days 

Silica p Cool,4•c 28days 

Specific Conductance P,G Cool,4•c 28days 

Sulfate P,G Cool, 4•c 28days 
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Parameter Number/Name Container1
' Preservation'"11

"' Maximum Holding 
Time1"l 

INORGANIC TESTS (Cont'd): 
Sulfide P,G Cool, 4"C; add zinc acetate 7days 

plus SOdium hydroxide to pH 9 

Sulfite P,G None required Analyze Immediately 

Turbidity P,G Cooi,4"C 48hours 

METALS: VI 

Ctvomlum VI (Hexachrome) P,G Cooi,4"C 24hours 

MercuJY (Hg) P,G HNO:!topH 2 28days 

Metals, except Olromlum VI and MercuJY P,G HNO:!topH 2 SITIOillhs 

ORGANIC TESTS:'"' 
Purgeable Halocarbons G, Tefton.llned Cool, 4"C; 0.008% ~~~, 14days 

septum 

Purgeable Aromatic Hydrocarbons G, Tefton..llned Cool, 4"C; 0.008% ~101 14days 
septum HO to pH 2 !9l 

Acrolein and Acrylonitrile G,Teflon-llned Cool, 4"C; 0.008% ~101 14days 
septum a~ust pH to 4-5 < Dl 

Phenols''., G, Tefton.llned Cool, 4"C; 0.008% ~101 7 days oolll extraction; 
cap 40 days after extraction 

Benzldines' "~ \ OCj G, Tefton-lined Cool; 4"C; 0.008% ~'"' 7 days unbl extraction''"' 
cap 

Phthalate esters1" 1 G, Tefton-llned Cool, 4"C 7 days ll'llll extraction; 
cap 40 days after extraction 

Nltrosamlnes1
' ''·' '"' G, Tafton-lined Cool, 4"C; store in dark; 7 days lll1iJ extractlon; 

cap O.OOBo/o Na2~0:i5) 40 days after extraction 

PCBs1''1 G, Teflon-lined Cool, 4"C 7 days until axtraclion; 
cap 40 days after extraction 

Nitroaromatics & lsophorone'' '' G, Teflon-lined Cool, 4"C; 0.008% ~101; 7 days l.l'ltil extraction; 
cap store in dark 40 days after extraction 

Polynuc;lear Aromatic Hydrocarbons G, Teflon-lined Cool, 4"C; 0.008% N82SA1" 1; 7 days 111111 extraction; 
(PAHs)(11).(14J cap store in dark 40 days after axtraclion 

Haloethefs1
' '

1 G, Tafton-lined Cool, 4"C; 0.008% ~1"1 7 days until extraction; 
cap 40 days after exlraclion 

DioxlrVFuran (TCDMCDF)'' '' G,Teflon-llned Cool, 4"C; 0.008% ~1"1 7 days 111111 extraction; 
cap 40 days after extraction 
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(2) Sample preservation should be performed Immediately upon sample collection. For composite chemical samples each 
aliquot should be preserved at the time of collection. When use of an automated sampler makes it Impossible to preserve 
each aliquot, then chemical samples may be preserved by maintaining at 4 •c until composlting and sample splitting Is 
completed. 

(3) When any sample Is to be shipped by common carrier or sent throu~ the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples shot.dd be analyzed as soon as possible after collection. The times Hsted are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only If the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Altnlnlstrator. 

(5) Should any be used In the presence of residual chlorine. 
(6) Maximum holding time Is 24 hours when sulfide Is present Optionally, all samples may be tested with lead acetate paper 

before pH adjustments are made to determine If sulfide is present. If sulfide Is present. it can be removed by the addition 
of cadmium nitrate powder until a negative spot test Is obtai"led. The sample Is fltered and then NaOH Is added to pH 12. 

(7) Samples should be filtered Immediately on site before adding preservative for clssolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GCIMS for specific compomds. 
(9) Sample receiving no pH ~ustment must be analyzed within 7 days of sampling. 
(10) The pH ~ustment Is not required if acrolein wiB not be measured. Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample Integrity. When the analytes of concern fall within two 
or more chemical categories, the sample may be preserved by cooling to 4"C, reducing residual chlorine with 0.008"/o 
sodium thiosulfate, storing in the dark, and ~usting the pH to 6-9; samples preserved In this manner may be held for 
7 days before extraction and for 40 days after extraction. Exceptions to this optional preservation and holclng time 
procedure are noted In footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analysis of benzidine). 

(12) If 1,2-dlphenylthydrazine Is likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis If storage Is conducted under an Inert (olddant-free) atmosphere. 
(14) For the analysis of diphenylnltrosamlne, add 0.008"/o N82S20s and ~ust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be perfonned upon receipt at the laboratory and may be ommed If the samples are extracted 

within 72 hours of collection. For the analysis of aldrin, add 0.008"/o N82520s. 

Tetra Tech NUS, Inc. 
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1.0 PURPOSE 

The purpose of this Stand•d Operating Procedure (SOP) Is to Identify and designate the field data 
record forms, logs, and reports generaOy Initiated and maintained for documenting Tetra Tech NUS, Inc. 
(TtNUS) field activities. 

2.0 SCOPE 

Doa.~ments presented within this SOP (or equivalents) shall be used for all TtNUS field acllvitles, as 
applicable. Other or adcltlonaJ documents may be required by specific client contracts or project planning 
documents. 

3~ GL~Y 

None. 

4.0 RESPONSIBIUTIES AND PERSONNEL QUAUFICATIONS 

Proiect Manager CPMl - The PM Is responsible for obtatr*lg hardbound controled-distrtbutlon logbooks 
(from the appropriate source), as needed. In addition, the Projed Manager Is responsible for placing all 
fteld documentation used In site activities Q.e., records, field reports, sample data sheels, fteld notebooks, 
and the site logbook) In the project's central ftle upon the completion of field work. 

F!tld Operatlgos Leader CFOLl - The FOL Is responsible for ensiMfng that the site logbook. notebooks, 
and aD appropriate and curra"lt forms and field repor1& Included In thla SOP (and any additional forms 
required by the contract) are correctly used, accurately flied ow, and completed In the required time 
frame. 

General personnel quatlllcatlons for field documentation activities include the folowlng: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capabllty of performing field work under the expected physlc:al and environmental (I.e., weather) 
condlllona. 

• Familiarity with appropriate procedures for documentation, handing, packaging, and shipping. 

5.0 PROCEDURES 

5.1 SITE LOGBOQK 

5.1.1 General 

The site logbook Is a hard-bound, paginated, contrcled-dlstrlbutlon record book In which al m&IOr on-alte 
activities are documented. At a minimum, record or referanCl8 the following activities/events (dally) In the 
site logbook: 

• All field personnel present 
• ArrlvaVdeparture times and names of site visitors 
• Times and dates of health and safety training 
• Arrtvalldeparture times of eq~nt 
• llmes and dates of equipment calibration 

019811/P Tetra Tech NUS, Inc. 
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• Start and/or completion of borehole, trench, monitoring well lnstallaUon actiVIties, etc. 
• Dally on-site activities 
• Sample pickup Information 
• Health and safety Issues (level of protactlon, personal protective equipment [PPEJ, etc.) 
• Weather conditions 

Maintain a site logbook for each project and Initiate it at the start of the first on-slta activity (e.g., site visit 
or Initial raconnal&aance survey). Make entries fN8f'J day that on-site actiVIties take place Involving 
TtNUS or subcontractor peraoMel. Upon completion of the fieldwork, provide the site logbook to the PM 
or designee for Inclusion In the project's central file. 

Record the following Information on the cover of each site logbook: 

• Project name 
• TtNUS project number 
• Sequential book number 
• Stertdate 
• Enddate 

Information recorded dally in the site logbook need not be duplicated In other field notebooks (see 
Section 5.2) but must summarize the contents of these other notebooks and refer to apectflc page 
locations In these notebooks for delalled Information (where applicable). An example of a typical site 
logbook entry Is shown In Attachment A 

If measurements are made at any Jocaaon, either record the measurements and equipment used In the 
site logbook or reference the field notebook In which the measurements are recorded (see Attac:hm.,t A). 

Make all logbook, notebook, and log sheet entries In JndeHble ink (black pen Is preferred). No erasures 
are permitted. If en Incorrect entry Is made, cross out the entry with a single slrtke mark, initial, and date 
It At. the completion of entrtes by any Individual, the logbook pages used must be signed and dated by 
the person making the enlrtas. The site logbook must also be signed by the FOL at the end of each day. 

5.1.2 Photographa 

Sequentially number movies, slides, or photographs taken of a site or 811Y monitoring locaiJon to 
correspond to Jogbooklnot8book entries. Enter the nane of the photographer, dat8, time, site loc:atlon, 
&Ita deaatpUon, and weather conditions In the logbook/notebook as the photographs are taken. A series 
entry may be used for rapid-sequence photographs. The photographer Is not required to record the 
aperture settings and shutter speeds for photographs laken Within the normal automatic exposure range. 
However. special lenaes, films. filters, and other Image-enhancement techniques must be noted m the 
logbook/notebook. If possible, such tec:hriques shall be avoided because they can adversely affect the 
accuracy of photographs. Chaln-of.custody procedures depend on the subject matter, type of camera 
(digital or film), and the processing It requires. Follow c:haJn..of-aatody procedures for film used for aerial 
photography, confidential Information, or criminal Investigation. After processed, conseartlvely nllllber 
the sll~ of photographic prints and label them according to the logbook/notebook descriptions. Dockat 
the site photographs and associated negatives andfor dlgllally saved Images to compact disks Into the 
project's central tile. 

52 REWN~~ 

Key field team personnel may maintain a separate dedicated fleJd notebook to document the pertinent 
field activities conducted directly under their supervision. For example, on large pro)ectB with multiple 
JnvesUgatlve sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
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separate fteld notebook. Where several driU rigs are In operation simultaneously, each site geologist 
assigned to oversea a rig must maintain a fteld notebook. 

5.3 FIELD FORMS 

AU TtNUS field forma (see Ust In Section 6.0 rA this SOP) can be found on the company's intralet site 
(htlp:J/lnlranet.ttnyt.com) under Field Log Sheets. Forms may be altered or revised for projact-epeclftc 
needs, subject to client approval. Care must be taken to ensure that all essential Information can be 
d0Cl.IT18nted. Guidelines for completing these forms can be found In the ralated sampling SOPs. 

5.3.1 Sample Collection, Labeling, Shipment, Request far An8IJ8a., and Field T•t Results 

5.3.1.1 SaORie log Sheet 

Sample log sheets are used to record speclfted types of data while sampling. The data racorded on 
these sheela are useful In desaiblng the sample 88 wall 88 pointing out any problems, dlftlcultles, or 
Irregularities encountered during sampling. Complete a sample log sheet for each sample obtained, 
Including field quality control (QC) samples. 

5.3.1.2 Sample Label 

A typical sample Iabeiia lftuatrated In Atlact.ment B. Complete the required Information on the adhesiva 
labels and apply them to every sample conlalner. Obtain sample labels from the appropla18 
program/project source, request that they be electronically generated In house, or request them the 
laboratory subcontractor. 

5.3.1.3 Chaln-gf·CUstpdy Recqd 

The chain-of-custody record Is a multi-part fonn that is Initiated 88 samples are acquired and 
aocompanles a sample (or group rA samples) es they are transferred from parson to parson. This form 
must be used es follows for any samples colect8d for chemical or geotec:tmlcal analysis whether the 
analyses are perfonned on site or off site: 

• Retain one carbonleas copy of the completed chain-of cusfDdy form In the tleld. 
• Send one copy Is sent to the PM (or designee) 
• Send the original to the laboratory with the 8880Ciated samples. Place the original (top, signed copy) 

of the chain-of custody fonn Inside a large Zlploc8 -type bag taped lnalda the lid of the shipping cooler. 
If multiple cooln 818 aent but are Included on one chain-of custody form, send the fonn with the 
cooler containing vlala for volalle organic compound (VOC) analysis or the cooler with the air bll 
attached. lndk:ale on the atr bill how many coolers are lnduded with that shipment. 

An example of a chain-of-custody form is provided 88 Altactment C. After the samples are received at 
the laboratory, the sample cooler and contents 818 checked and any problems are noted on the enclosed 
chain-of custody form (any discrepancies between the sample labels and chain-of custody form and any 
other problems that are noted era resolved through communication between the laboratory point-of­
contad and the TtNUS PM). The chain-of cuetody form Is algned and copied. The laboratory will retain 
the copy, and the original becomes part of the samples' C011'88p0ndlng analyacal data package. 

5.3.1.4 Chaln-of..Custodv $eal 

Attachment D Is an example of a custody seal. The custody seal Is an adhesive-backed label that Is part 
of a chain-of-custody process and Is used to prevent tampering with samples after they have been 
collected In the field and sealed In coolers for transport to the laboratory. Sign and date custody seals 
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and affix them across the lid and body of each cooler (front and back) containing environmental samples 
(see SOP SA-6.1). Obtain custody seals from lhe laboratory (If available) or purchase them from a 
supPlier. 

5.3.1.5 Goochmnlqll Paramatam Loa Sheets 

Complete Field Analytical Log Sheets to record geochemical and/or natural attenuation field test results. 

5.3.2 Hydrogeological and Geol8chnlcal Forme 

5.3.2.1 ~[gundWatar Uwal MMSUranwat Sheet 

Complete a Groundwater Level Meaaurement Sheet for each round of water level measurements made 
at a site. 

5.3.2.2 Ball Shaal fer PYmal'" !8!t 

9111,. "' pef'fel'lllaAea ef. a pwfRPifll teal Ear BA lA IMw ~Faulle eeAIN&IIvl\, lael). a l&fl• aMeWA& at 
fJeta ,.. ... be reearded, alBA wiltiA a ah&ft ""a pal'led. l:laa a Ptt"'''IAI =Fest Balli Sheet te fllellltllle llltt 
... ,. ll~ aiBFI-'&Niafll the data aellealieR feRMI fer Ita INfRIIIRI r.~.T~ell M-' ebaaFMIIaA r.~.wla, SAd allafi!At 
1M tii'R8 IRiatval fer eellaallaA te tJa aataa.IIMM lA advaAI8• 

5.3.2.3 Paektr !881 BeB8ft flfRI 

Qe,..lela a Palh:ar leal Aaparl FaRR fer eaat. lj,¥811 at whlah a paeker tea& Ia I8FIIIwata It, 

5.3.2.4 Bmtng Log 

Complete a Summary Log of Boring, or Boring Log for each soil bortng performed to document the 
materials encountered, operation and driving of caelng, a'ld locations/depths d samples collected. In 
addition, if volatile organics ara monitored on cores, samples, cutllngs from the borehole, or breathing 
zone, (using a photolonlzation detector [PID) or flame Ionization det8dor [FID)), enter these readings on 
the borfng log at the appropriate depth. When they become avalable, enter the laboratory sample 
number, c:oncentrationa of key contaminants, or Olher pertinent information In the •Remarb• column. 
This feature aUows direct comparlaon of contaminant concentrations with soil characteristics. 

5.3.2.5 Mol iltoriM Y+'all Sw lllruelleft Bltalll Emu 

SeRtfllete a MeAiteltAI tJJel QeAIIfuallaA 9elala [eRR feF 8\18~ I'MAilefiAg Well. Jillli!IMMal', 8P 
teMp~ well peiRIIAalaiiM. :J:tlla feRR aeAialfla apeallle IRfeRRatiM eA I BAath 8M "'"' al well Rl8r Jillpa 
SAd 88At8A1 baaldlll; fllteF paak; aAAYiaF 8881 BAd grew& M&FaateFilltiea, BA-' ltiffaae 88al MBf8Bieflatil8. 
ltlle lAfermatleA Ia l"'perlaAIIA evaluatiAg Ita p&tfefiNIA88 ef 1M I'Mflitef'.Ag wei, paFIIIHiarly lA a,_ 
where Willer lawia ehMT~· ~ ttMatle" 81' 'WI'Iere .... are "'tlll,ee E'"'"'ieeiWI~ 1i1t1Mea el 
881'1tefft1Aal'lla. 9efMWII'II 8ft the type ef I'MAIIMAI well EIA evel'tlui'8M er betlfeeltt ltllh: ~11 er fl•· 
mottnt), dilaFal'lt fenM are weetl. 

5.3.2.8 J9lt Pltl;ea 

Wt!eR a •eel pll BF trarult' Ia 88AMNaled fBF IA~~eatlgati\18 8F aaMpiiAg pY'fiB&ea, a :feat .. &aeg ANit M 
tilled ewt b~ the N8p&Mible tlallt gaelegl&& BF &aMpiiRg leMAIBIIAi> 
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5.3.2.7 Mlsce!!aneota Monitoring WeU Eqms 

Miscellaneous monitoring wall forms thai may be required on a project-specific basis Include the 
Monitoring Well Materials Certificate of Conformance and Monitoring Well Development Record. Use a 
Monitoring Well Materials Certificate of Conformance to document al materials utllzed during each 
monitoring well lnslallallon. Use a Monitoring Well Devalq)ment Record to doalnent all well 
development activities. 

5.3.2.8 Mlscellanaoua Field Forms- Duality AlwJrancellld Cheds!lsts 

MiscellaneoUs field formslcheckHsts forma that may be required on a projact-epeclflc basis Include the 
following: 

• Contatner Sample and Inspection Sheet - use this form when a container (drum, tank, etc.) Is 
sampled and/or Inspected. 

• QA Sample Log Sheet - use this form when a QA sample such as an equipment rinsate blank. 
source blank, etc. Is collected. 

• Field Task Modification Request (FTMR) - use this form to document deviations fi'om the project 
planning documents. The FOL Is responsible for Initiating the FTMRs. Maintain copies of all FTMRs 
with the on-site planning documents, and place originals In the final evidence file. 

• Field Project Dally Activities Checklist and Field ProJect Pre-Mobilization Checklist - used these 
during both the planning and field effort to ensure that all necessary tesks are planned for a"ld 
completed. Theae two forms are not requirements but are useful tools for most field work. 

5.3.3 Equipment CaDbnltlon .nd Malntan.nce Form 

The calibration or standardization of monitoring, measuring, or test equipment Is necessary to ensure the 
proper ope~atlon and response of the equipment, to document the accuracy, preclalon, or sensitivity of 
the measurements, and determine If correction should be applied to the readings. Some Items of 
equipment require frequent caUbratlon, others Infrequent. Some are calibrated by the manutacturw, 
others by the user. 

Each Instrument requiring calibration has Its own Equipment Calibration Log, which documents that the 
manufacturer's Instructions were followed for calibration of lhe equipment, Including frequency and type 
of standard or calibration device. Maintain an Equipment Calibration Log for each electronic measuring 
device used In the field; make entries for each day the equipment Is used or In accordance with 
manufacturer 1'8commendations. 

5.4 FIELQ REPORTS 

The primary means of 1'8COrdlng on-site adivllies Is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting fonns) contain detailed lnfonnatlon required 
for data Interpretation or documentation but al'8 not easily used for trecking and reporting of progress. 
Furthermore, the field logbook/notebooks remain on site for extended periods of lime and are thus not 
accessible for timely review by project management Other reports useful for tracking and reporting the 
progress of field activities are described belaN. 
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5.4.1 Dally Activities Report 

To provide timely oversight of on-site contractors, complete and submit Daily Activities Reports (OARs) 
as described below. 

5.4.1.1 pesajpt!on 

The DAR documents the activities .,d progress for each day's field work. Complela this report on a daUy 
basis whenever there are drilling, test pitting, well construction, or other related actlvl1les occurring thet 
Involve subcontractor personnel. These sheets summarize 1he work performed and form the basis of 
payment to subcontractora. The DAR form can be found on the TtNUS Intranet site. 

5.4.1.2 Rgponslb!llt!es 

It Is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging thet the times and qLantltles of material entered are corract. 

5.4.1.3 SUbmittal and Aoorpyal 

At the end of the shift, the rig geologist must submit the DAR to the FOL for review and fling. The Dally 
Activities Report Is not a formal report and thus requires no fl.rther approval. The OARs are retained by 
the FOL for use In preparing the site logbook and In preparing weekly status reports for submission to the 
PM. 

5.4.2 Weekly Statue Report. 

To facilitate timely review by project management, photocopies d logbook/notebook entries may be 
made for Internal use. 

In addition to those descri:Jed herein, other summary 1"8ports may also be contractually required. 

All TtNUS fleld forms can be found on the company's Intranet site at httD:/fiJtranetttnus.coro under Aeld 
Log Sheets. 

1.0 USTING OF FIELD FORMS ON THE TtNUSINTRANET SITE 

• Boring Log 
• Container Sample and Inspection Sheet 
• Dally Activities Checklist 
• Dally ActivltJes Record 
• Equipment Calibration Log 
• Flekt Task Modification Request 
• Field Analytical Log sheet - Geochemical Parameters 
• Groundwater Level Measurement Sheet 
• Groundwater Sample Log Sheet 
• Hydraulic Conductivity Test Data Sheet 
• Low Flow Purge Data Sheet 
• Bedrock Monitoring Wall Construction (Stick Up) 
• Bedrock Monitoring Wei Construction Flush Mount 
• Bedrock Monitoring Wei Construction Open Hole 
• Confining Layer Monltortng Well Construction 
• Monitoring Well Development Record 

019811/P Tetra Tech NUS, Inc. 
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• Monltor1ng Well Matertals Certlflca18 of Conformance 
• OVerburden Monltortng WeU Construction Flush Mount 
• Overburden Monitoring Well Construction SUck Up 
• Packer Test Report Form 
• Pumping Test Data Sheet 
• QA Sample Log Sheet 
• Soli/Sediment Sample Log Sheet 
• SUrface Water Sample Log Sheet 
• Test Pit Log 
• Field Project Pre-Mobilization Checklist 

019811/P Telnl Tech NUS, Inc. 
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ATTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

Page 
9af12 

STARTTIME: ----------­

SITE LEADER: 

DATE: ________________ __ 

PERSONNEL: 
TtNUS DRILLER SITE VISITORS 

WEATHER: Clear, 68°F, 2-5 ,..,tl wind from SE 

ACTIVITIES: 

0198111P 

1. Steam Jenney a'ld fire hoses were set up. 

2. Drilng activities at well _ resumes. Rig geologist was See 
Geologist's Nolabook, No.1, page~. for detals of driiDng activity. Semple No. 123-21-
84 collectad; see sample logbook, page 42. Drilling activities oompleted at 11 :50 and a 
4-4nch stainless steel well Installed. See Gecqlsfs NotBbook, No.1, page 31, and well 
construction detals for well __ 

3. Dr111ng rig No. 2 staam-cleaned at decontarMlatlon pit Then set Up at location of 
wei __ .., 

4. Well __ drfllad. Rig geologist was . See Geologist's Notebook, 
No.2, page_ for details of driiRng activities. Sample n1M1bers 123-22-81, 123-22-52, 
n 123-22-53 collected: see sample logbook, pages 43, 44, and 45. 

5. Wei __ was developed. Seven 55-gallon drums were filled In the flushing stage. The 
well was then pumped using the pitcher pump for 1 hcu. At the end of the hoU", water 
pumped from well was •sand free.• 

6. EPA ranedlal proJect manger an1ves on aHe at 14:25 hours. 

7. lsge dump truck anives at 14:45 and Is stearn-clea1ed. Backhoe and dump truck set up 
over test pit---· 

8. Test pit dug with cuttings placed In dump truck. Rig geologist was 
Sea Geologist's Notebook, No. 1, page 32, for detaBs of test pit 

activities. Test pit &Wsequently filled. No S8f1'1)les taken for chemical analysis. Due to 
shallow groundwater table, tiling In of test pit_ resulted In a very soft and wet area. A 
mound was developed and the area roped off. 

9. Express canter picked l4l samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours. Site activities tannlnated at 18:22 hours. All persoMel off site, gate locked. 

Field Operations Leader 

Tetra Tech NUS, Inc. 
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ATTACHMENT B 
SAMPLE LABEL 

Tetra Tech NUS, Inc. Projact: 

~ 
661 Andaral Olive Site: Plllbulgh, 15220 
(412)921-7090 Location: 

Sample No: Juatr~x: 

Date: Time: ~·= 

Anllpls: 

Sampled by: Llborltory: 

019811/P Tetra Tech NUS, Inc. 
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CHAIN-OF-CUSTODY RECORD FORM 
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CHAIN-oF-CUSTODY SEAL 
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Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The purpose of this Standard Operating Procedure (SOP) is to 
protect site personnel, the general public, and the environment while preserving or maintaining sample 
integrity. It is further intended through this procedure to describe the steps necessary for proper 
decontamination of drilling equipment, earth-moving equipment , chemical sampling equipment and field 
operation and analytical equipment. 

2.0 SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil. This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment. Where technologically and economically feasible, single-use sealed disposable equipment 
will be employed to minimize the potential for cross-contamination. This SOP also provides general 
reference information on the control of contaminated materials. 

Decontamination methods and equipment requirements may differ from one project to another. General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections. 

3.0 GLOSSARY 

Alconox/Liquinox- A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan. The solution is selected and employed as directed by the project chemist/health 
and safety professional. 

Deionized Water (DI) - Tap water that has been treated by passing through a standard deionizing resin 
column. This water may also pass through additional filtering media to attain various levels of analyte­
free status. The Dl water should meet College of American Pathologists (CAP) and National Committee 
for Clinical Laboratory Standards (NCCLS) specifications for reagent-grade Type I water. 

Potable Water - Tap water from any municipal water treatment system. Use of an untreated potable 
water supply is not an acceptable substitute for tap water. 

Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high­
pressure spray of potable water. High-pressure spray is employed to remove solids from equipment. 

Solvent - A liquid in which solid chemicals or other liquids are dissolved. The solvent of choice is 
pesticide-grade isopropanol. Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified 
in the project planning documents. For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use. Solvents should not be used on PVC equipment or 
well construction materials. 

Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Decontamination Personnel- Individuals assigned the task of decontamination. It is the responsibiiity of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly. This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 

Field Operations Leader (FOLl - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s). The FOL is also responsible for 
the completion and accuracy of all field documentation. 

Site Safetv Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness. All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation. This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process. Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 

General personnel qualifications for decontamination activities include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate decontamination procedures. 

5.0 HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturers/supplier's Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

6.0 EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1 ). 
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• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 

• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable 
(see Section 7.1). 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 

• PPE as specified in the project health and safety plan. 

• Soap and water for washing and rinsing. 

• Deionized water for final rinsing. 

• Solvents (e.g. , pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 

• Sample bottles for collecting rinsate blanks (see Section 7.2). 

• Calibrated photoionization detector (PID) or flame ionization detector (FID) to monitor 
decontaminated equipment for organic vapors generated through the existence of residual 
contamination or the presence of decontamination solvent remaining after the piece was rinsed. 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

• Paper towels or cloths for wiping. 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 

• Drum labels for waste drums (see Attachment A). 

7.0 PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants. To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and 
processes. Site contaminant types, concentrations, and media types are primary drivers in the selection 
of the types of decontamination and where it will be conducted. For purposes of this SOP, discussion is 
limited to decontamination procedures for general environmental investigations. 

Decontamination processes will be performed at the location(s) specified in project-specific planning 
documents. Typical decontamination locations include the following: 

• Temporary decontamination pads/facilities 
• Sample locations 
• Centralized decontamination pad/facilities 
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• Combination of some or all of the above 

The following discussion includes general considerations for the decontamination process. Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met. This intent is to contain any residual fluids and solids generated 
through the decontamination process. 

7.1 Decontamination Pad Design/Construction Considerations 

7.1.1 Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 

• Site location - The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance. The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

019611/P 

- Well removed from pedestrian/vehicle thoroughfares. 

- Avoidance of areas where control/custody cannot be maintained. 

- Avoidance of areas where potential releases of contaminated media or decontamination fluids 
may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

- Avoidance of potentially contaminated areas. 

- Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

The selected decontamination site should include the following, where possible: 

- Areas where potable water and electricity are provided. 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 

- All power is routed through a Ground Fault Circuit Interrupter (GFCI). 

- All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 

In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 
possible without entering an active exclusion zone. 

- Areas that offer sufficient size to carry out the specific decontamination sequence. 

• Decontamination pad (decon pad) - The decon pad shall be constructed to meet the following 
characteristics: 

- Size - The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters. 

- Slope - An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end. The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls. See the text about 
liners below. 

- Sidewalls- The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil. If splash represents a 
potential problem, splash guards should be constructed to control overspray. Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment. Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 

- Liner - Depending on the types of equipment and decontamination method to be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment. Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner. Liners are intended to form an impermeable barrier. The thickness may 
vary from a minimum recommended thickness of 1 0 mil to 30 mil. The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet. To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction 
as necessary. 

- Wash/drying racks - Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process. 

For decontamination of direct-push technology (OPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters. 
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 

• Maintenance - Maintain the decontamination area by: 

- Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards. In addition, these articles will reduce potential backsplash 
and cross-contamination. 
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- Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross­
contamination. 

- PPE - Periodically evaluate the condition of, and maintain the decontamination equipment, 
including regular cleaning of face shields and safety glasses. This is critical to ensuring the 
safety of decontamination personnel and the integrity of the decontamination process, and it will 
ensure that equipment is functioning properly. 

7.1.2 Decontamination Activities at Drill Rigs/OPT Units 

During subsurface sampling activities including drilling and OPT activities, decontamination of drive rods, 
Macro Core Samplers, split spoons, etc. is typically conducted at an area adjacent to the operation. 
Decontamination is generally accomplished using a soap/water wash and rinse utilizing buckets and 
brushes. This area requires sufficient preparation to accomplish the decontamination objectives. 

Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected environmental media. Drying racks shall be employed as directed for 
temporary pads to permit parts to dry and be evaluated prior to use/reuse. Methodology regarding this 
activity is provided in Section 7.2. 

7.1.3 Decontamination Activities at Remote Sample Locations 

When sampling at remote locations, sampling equipment such as trowels and pumps/tubing should be 
evacuated of potentially contaminated media to the extent possible. This equipment should be wrapped 
in plastic for transport to the temporary/centralized decontamination location for final cleaning and 
disposition. Flushing and cleaning of single-use equipment such as disposable trowels, tubing, and 
surgeon's gloves may allow disposal of this equipment after visible soil and water remnants have been 
removed. 

7.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted and/or accumulated contamination through site investigation activities. 

7.2.1 Monitoring Well Sampling Equipment 

7.2.1.1 Groundwater sampling equipment- This includes pumps inserted into monitoring wells such 
as bladder pumps. Whale pumps. and Redi-Fio pumps and reusable bailers. etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 

2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 
pump tubing. 

3. Insert the pump and tubing/bailer into a clean container of soapy water. Pump/run a sufficient 
amount of soapy water through the pump/bailer to flush out any residual well water. After the pump is 
flushed, circulate soapy water through the pump to ensure that the internal components are 
thoroughly flushed. 

4. Remove the pump and tubing/bailer from the container 

5. Rinse external pump components using tap water. 
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6. Insert the pump and tubing/bailer into a clean container of tap water. Pump/run a sufficient amount of 
tap water through the pump/bailer to evacuate all of the soapy water (until clear). 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents-

Use the procedures defined in the project-specific planning documents. If they are not 
defined, contact the FOL for guidance. The solvent rinse described in Step 7 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

7. If groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 
organic materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 

8. Pass deionized water through the hose to flush out the tap water and solvent residue as applicable. 

9. Drain residual deionized water to ~he extent possible. 

10. Allow components of the equipment to air dry. 

11. For bladder pumps, disassemble the pump and wash the internal components with soap and water, 
then rinse with tap water, isopropanol, and deionized water and allow to dry. After the parts are dry, 
conduct a visual inspection and a monitoring instrument scan to ensure that potential contaminants 
and all decontamination solvent have been removed. Collect a rinsate blank in accordance with the 
project-specific planning documents to ensure that the decontamination process is functioning as 
intended. The typical frequency of collection for rinsate blanks is 1 per 20 field samples. In addition, 
wipe samples or field tests such as W light may be used. 

12. Wrap pump/bailer in aluminum foil or a clear clean plastic bag for storage. 

7.2.1.2 

SAFETY REMINDER 
Remember when handling powered equipment to disconnect the power source and 

render the equipment to a zero energy state (both potential and kinetic) before opening 
valves, disconnecting lines, etc. 

Electronic Water Level Indicators/Sounders/Tapes 

During water level measurements, rinsing the extracted tape and probe with deionized water and wiping 
the surface of the extracted tape between locations is acceptable. However, periodic full 
decontamination should be conducted as follows: 

1. Wash with soap and water 
2. Rinse with tap water 
3. Rinse with deionized water 
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NOTE 
In situations where oil, grease, free product, other hard to remove materials are 

encountered, probes and exposed tapes should be washed in hot soapy water. If probes 
or tapes cannot be satisfactorily decontaminated (they are still stained, discolored, etc.), 

they should be removed from service. 
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7.2.1.3 Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be 
cleaned per manufacturers' instructions. This generally includes wiping the sensor housing and rinsing 
with tap and deionized water. 

Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor. Coolers shall be evaluated prior to use for the following: 

• Structural integrity - Coolers missing handles or having breaks in the outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

• Cleanliness - As per protocol, only volatile organic samples are accompanied by a trip blank. If a 
cooler's cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

1. Wash with soap and water 
2. Rinse with tap water 
3. Dry 

If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 

7 .2.2 Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment. Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

1. Remove loose soil using shovels, scrapers, etc. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment being decontaminated. 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents. The appropriate 

procedures should be defined within the project-specific planning documents. If they are 
not defined, contact the FOL for guidance. The solvent rinse described in Step 4 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to 
remove organic materials. 

3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 
incorporate rinsing as part of the process). 
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4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

5. To the extent possible, allow components to air dry. 

6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 
calibrated photoionization detector (PID)Iflame ionization detector (FID) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

7. Wrap or cover equipment in clear plastic until it is time to be used. 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist: 

Falls- An auger flight standing on its end may fall and injure someone. Secure all loose 
articles to prevent heavy articles from falling onto people or equipment. 

Burns - Steam cleaner water is heated to more than 212 'F and exhibits thermal energy 
that can cause burns. Prevent contact of skin with hot water or surfaces. 

High water pressure- Pressure washer discharge can have 2,000 to 4,000 psi of water 
pressure. Water under this amount of pressure can rupture skin and other human 

tissues. Water at 4,000 psi exiting a o· tip can be dangerous because of its relatively 
high cutting power. The exit velocity and cutting power of the water are reduced when 

exiting a 40' fan tip, but damage to soft tissues is still possible. 

In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 

1. Read the operating manual and follow the manufacturers' recommended safety practices before 
operating pressure washers and steam cleaners. 

2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 
other parts of your body. Water lacerations and burns may appear to be minor at first but can be life 
threatening. Do not attempt to hold small parts in your hand while washing them with high­
temperature or high-pressure water. 

3. Always wear PPE as specified in the HASP such as: 

- Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing 
protection. Remember that excessive noise is a hazard when operating gas-powered engines 
and electrically driven pressure washers. PPE will be identified in your project specific planning 
documents. 

4. Inspect each device before use. An inspection checklist will be provided in the project-specific 
planning documents. If it is a rented device, safety measures are typically provided by the vendor. In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not 
operate it until you obtain and thoroughly review operating instructions and recommended safety 
practices. 

5. Do not modify equipment unless the manufacturer has approved the modifications. 
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7.2.3 Soil/Sediment Sampling Equipment 

This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 

1. Remove all loose soil from the equipment through manual means. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment. 

3. Rinse the equipment with tap water. 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents. The appropriate procedures 
should be defined within the project-specific planning documents. If they are not defined, 

contact the FOL for guidance. The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 
other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 

5. Rinse the equipment with deionized water. 

6. To the extent possible, allow components to air dry. 

7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 
to ensure that all solvents (if they were -used) and trace contaminants have been adequately 
removed. 

8. After the equipment has dried, wrap it in aluminum foil for storage until use. 

Dredges employed in sediment sampling are typically decontaminated as follows: 

• Remove the sediment sample from the sampling device 

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment. 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 
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CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws. Keep 
hands, fingers, and extremities away from these pinch and compression points. Either 

handle the device by the rope or preferably lock the jaws in place to control the potential 
for closing during maintenance and/or cleaning. 
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During the course of field investigations, disposable/single-use equipment becomes contaminated. 
These items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample 
containers. 

With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable 
federal, state, and local regulations. 

7.3.1 Investigation-Derived Wastes- Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next. Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

1. Assume that all investigation-derived waste (lOW) generated from decontamination activities contains 
the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary. Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 
recycle water and to reduce possible waste amounts. 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

3. Label waste storage containers appropriately labeled (see Attachment A). 

4. Ensure that the lOW storage area is configured to meet the following specifications to permit access 
to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

- Enclose areas accessible by the general public using construction fencing and signs. 

- Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

- Main~in the retaining bolt and label on the outside of storage containers where readily visible. 

- Provide at least 4 feet of room between each row of pallets to allow access to containers for 
sampling, drum removal, and spill response. 

- As directed in project-specific planning documents, maintain an lOW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

- Maintain spill response equipment at the lOW storage area in case it is required for immediate 
access. 
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- Where possible, use equipment for moving containers. Where not possible, obtain help to 
manipulate containers. 
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Each container of water can weigh up to 490 pounds. Each 55-gallon drum of wet soil 
can weigh more than 750 pounds. Fill drums and temporary containers to 80 percent 

capacity to minimize spill and handling difficulties. Use drum carts to move filled drums. 

See safe lifting techniques provided in Section 4.4 of the Tetra Tech NUS, Inc. Health 
and Safety Guidance Manual. 

When placing drums, keep your fingers out of pinch and smash points such as between 
the drums. In some cases such as well development and/or purge water, you can place 

the drums to be filled on the pallet and transport materials in smaller easier to handle 
containers. 

7.4 Decontamination Evaluation 

Upon decontamination of equipment, determine the effectiveness of the decontamination process in the 
following manner: 

• Visual evaluation -A visual evaluation will be conducted to ensure the removal of particulate matter. 
This shall be done to ensure that the washing/rinsing process is working as intended. 

• Instrument Screening- A properly calibrated PID/FID should be used to evaluate the presence of site 
contaminants and solvents used in the cleaning process. The air intake of the instrument shall be 
passed over the article to be evaluated. Avoid placing the instrument probe into residual waters. A 
PID/FID reading greater than the daily established background level requires a repeat of the 
decontamination process, followed by rescreening with the PIDIFID. This sequence must be 
repeated until no instrument readings greater than the daily established background level are 
observed. It should be noted that the instrument scan is only viable if the contaminants are 
detectable within the instrument's capabilities. 

!:!!1H 
When required by project-specific planning documents, collection of rinsate blanks (see 

next step) shall be completed without exception unless approval to not collect these 
samples is obtained from the Project Manager. 

• Collection of Rinsate Blanks - It is recommended that rinsate samples be collected to: 

- Evaluate the decontamination procedure representing different equipment applications (pumps 
versus drilling equipment) and different decontamination applications. 

- Single-use disposable equipment - The number of samples should represent different types of 
equipment as well as different lot numbers of single-use articles. 

- The collection and the frequency of collection of rinsate samples are as follows unless specified 
differently in the project-specific planning documents: 

• Per decontamination method 
• Per disposable article/batch number of disposable articles 
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It is recommended that an initial rinsate sample be collected early in the project to 
ensure that the decontamination process is functioning properly and to avoid using a 

contaminated batch of single-use articles. It is recommended that a follow-up sample be 
collected later during the execution of the project to ensure that those conditions do not 

change. 
Rinsate samples collection may be driven by types of and/or levels of contaminant. 

Difficult to remove contaminants, oils/greases, some PAHs/PCBs, etc. may also support 
the collection of additional rinsates due to the obvious challenges to the decontamination 

process. This is a field consideration to be determined by the FOL. 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the process to be used for purging groul")dwater 
monitoring wells prior to sampling, for collecting groundwater samples, and for measuring groundwater 
quality parameters. 

2.0 SCOPE 

This document provides information on proper sampling equipment, onsite water quality testing, safety 
measures to ensure the safety of the field technician(s), and techniques for groundwater sampling. All 
personnel are encouraged to review the information contained herein to facilitate planning of the field 
sampling effort. The techniques described shall be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require modifications to methodology. 

3.0 GLOSSARY 

Conductivity - Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current. This ability depends on the presence of ions and their total concentration, mobility, 
valence, and relative concentrations and on temperature. Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 microSiemens per centimeter 
(mS/cm) at 14"C. 

Dissolved Oxygen (00) - DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 

Groundwater Sample - A quantity of water removed from the ground, usually via a monitoring well that 
may or may not be lined with a well casing. 

Oxidation-Reduction Potential (ORPl - A measure of the activity ratio of oxidizing and reducing species as 
determined by the electromotive force developed by a noble metal electrode immersed in water, as 
referenced against a reference electrode. A reference electrode commonly used in the field is the 
silver/silver chloride electrode, which has a voltage offset of about 210 mV from the standard hydrogen 
electrode (SHE). To convert field ORP measurements to equivalent SHE values, approximately 210 mV 
must be added to the ORP values obtained using the silver/silver chloride electrode. The actual offset 
depends on the concentration of the potassium chloride (KCI) in the field reference electrode and the 
temperature. Offsets typically range from 199 (saturated KCI) to 205 (3.5 Molar KCI) to 222 mV (1 Molar 
KCI) at 25 "C and are greater at lower temperatures . 

.P..tf - The negative logarithm (base 1 0) of the hydrogen ion activity. The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 

Representativeness - A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point. It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction. Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected. 
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Salinity - The measurement of dissolved salts in a given mass of solution. Note: most field meters 
determined salinity automatically from conductivity and temperature. The value will be displayed in either 
parts per thousand (ppt) or percent (e.g., 35 ppt equals 3.5 percent). The parts per thousand symbol 
(%0) is not the same as the percent symbol(%). 

Turbidity - Turbidity in water is caused by suspended matter such as clay, silt, and fine organic and 
inorganic matter. Turbidity is an expression of the optical property that causes light to be scattered and 
absorbed rather than transmitted in a straight line through the sample. 

4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, initial 
sampling locations, and field procedures used in the collection of groundwater samples. Additionally, in 
consultation with other project personnel (geologist, hydrogeologist, etc.), the Project Manager identifies 
sampling locations. 

Site Safety Officer (SSO) -The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP). This includes but is not be 
limited to performing air quality monitoring during sampling, boring and excavation activities, and ensuring 
that workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants. The SSO or SSO designee may also be required to advise the FOL on other safety­
related matters regarding sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP or other project-specific documents. In addition, this individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 

Project Hydrogeoloqist - This individual is responsible for selecting and detailing the specific groundwater 
sampling techniques, onsite water quality testing (type, frequency, and location), equipment to be used, 
and providing detailed input in this regard to the project planning documents. The project hydrogeologist 
is also responsible for properly briefing and overseeing the performance of site sampling personnel. 

Field Operations Leader (FOU - This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit. The FOL is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 
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• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping. 

5.0 HEALTH AND SAFETY 

Specific safety and health precautions are identified throughout this SOP. In addition to those 
precautions, the following general hazards may be incurred during sampling activities: 

• Knee injuries from kneeling on hard surfaces 

• Slips, trips, and falls 

• Cuts and lacerations 

• Traffic hazards associated with sampling in parking areas and roadways and along highways. 

Methods of avoiding these hazards are provided below. 

Knee injuries - Many monitoring wells are installed as flush mounts. Personnel are required to kneel to 
open these wells and to take groundwater level measurements, etc. This could result in knee injuries from 
kneeling on stones/foreign objects and general damage due to stress on the joints. To combat this 
hazard: 

• Clear any foreign objects from the work area. 

• Wear hard-sided knee pads. 

Slips, Trips, and Falls - These hazards exist while traversing varying terrains carrying equipment to 
sample wells. To minimize these hazards: 

• Pre-survey well locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 
locations. 

• Carry small loads that do not restrict the field of vision. 

• Travel the safest and clearest route (not necessarily the shortest). 

Cuts and Lacerations - To prevent cuts and lacerations associated with groundwater sampling, the 
following provisions are required: 

• Always cut away from yourself and others when cutting tubing or rope. This will prevent injury to 
yourself and others if the knife slips. 

• Do not place items to be cut in your hand or on your knee. 

• Change blades as necessary to maintain a sharp cutting edge. Many accidents result from struggling 
with dull cutting attachments. 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

• Keep cutting surfaces clean and smooth. 
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• Secure items to be cut -- do not hold them against the opposing hand, a leg, or other body part. 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

• DO NOT throw broken glass or glass ampoules into garbage bags. Place broken glass and glass 
ampoules in hard-sided containers such as a cardboard box or directly into a dumpster. DO NOT 
reach into garbage bags to retrieve any item accidentally thrown away. Empty the contents onto a 
flat surface to avoid punctures and lacerations from reaching where you cannot see. 

Vehicular and Foot Traffic Hazards -When sampling along the roadway or near traffic patterns, follow 
the following precautions: 

• Motorists may be distracted by onsite activities- ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot. 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic. Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes. 

• Face Traffic. Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times. Always leave yourself an escape route. 

• Wear high-visibility vests to increase visual recognition by motorists. 

• Do not rely on the vehicle operator's visibility, judgment, or ability. Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger's direction before moving into traffic. 

• Your movements may startle a motorist and cause an accident, so move deliberately. Do not make 
sudden movements that might confuse a motorist. 

~0 PROCEDURES 

6.1 General 

For information derived from a groundwater sample to be useful and accurate, the sample must be 
representative of the particular zone being sampled. The physical, chemical, and bacteriological integrity 
of the sample must be maintained from the time of sampling to the time of analysis to keep any changes 
in water quality parameters to a minimum. 

019611/P 
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I extraction wells, which may take several days to depressurize. See Section 6.6.2 for I 
safety measures to be employed to protect sampling personnel. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air or 
nitrogen, bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of groundwater are to avoid collection of stagnant (standing) water in the well and to avoid 
physical or chemical alteration of the water sample due to external influences of the sampling 
technique(s). In a non-pumping well, there will be little or no vertical mixing of water in the well pipe or 
casing, and stratification will occur. The well water in the screened section will mix with groundwater due 
to normal flow patterns, but the well water above the screened section will remain isolated and become 
stagnant. Concentration gradients resulting from mixing and dispersion processes, layers of variable 
geologic permeability, and the presence of separate-phase product (e.g., floating hydrocarbons) may 
cause stratification. Excessive pumping or improper sampling methods can dilute or increase 
contaminant concentrations in the collected sample compared to what is representative of the integrated 
water column as it naturally occurs at that point, resulting in the collection of a non-representative sample. 
To safeguard against collecting non-representative samples, the following approach shall be followed 
prior to sample acquisition: 

CAUTION 
Mechanical agitation of well water may cause off-gas generation of volatile contaminants, 

creating an inhalation exposure to the sampler(s). Where avoiding an inhalation 
exposure is not possible and mechanical agitation is possible, pump into closed-top 

containers to control potential air emissions. 

1. If possible, position yourself (and the sampling equipment) upwind of the well head. 

2. Purge the monitoring well to be sampled prior to obtaining any samples from it. Evacuation of three 
to five well volumes is recommended prior to sampling, unless low-flow purging and sampling 
methods are utilized as described in Section 6. 7 (Consult the site-specific SAP for exact purging 
parameters). In a high-yielding groundwater formation and where there is no stagnant water in the 
well above the screened section, extensive evacuation prior to sample withdrawal is not as critical as 
it is in a low-yielding well or in wells containing stagnant water. 

3. For wells with low yields that are purged dry during sampling, evacuate the well and allow it to 
recover to 75 percent of full capacity prior to sample acquisition. If the recovery rate is fairly rapid 
(generally 300 mL per minute or greater}, attempt to continue evacuation until the number of well 
volumes specified in the SAP is achieved. If this cannot be accomplished, allow recovery to 75 
percent of c~pacity and begin sampling. 

CAUTION 
For moderate to high-yielding monitoring wells, an evacuation rate that does not cause 
excessive turbulence in the well should be selected. There is no absolute safeguard 
against contaminating the sample with stagnant water; hence, special techniques are 
required for purging to minimize the potential for sample contamination (see below). 

4. For moderate to high-yielding monitoring wells, use one of the following purge techniques: 

• Place a submersible pump or the intake line of a surface pump or bailer just below the water 
surface when removing the stagnant water. 
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• While purging and as the water level decreases, lower the pump or intake line as the water level 
drops in the well. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. After this is accomplished, a bailer or 
other approved device may be used to collect the sample for analysis. 

• Unless otherwise directed, place the intake line of the sampling pump (or the submersible pump 
itself) near the center of the screened section, and pump approximately one casing volume of 
water from the well at a low purge rate equal to the well's recovery rate (low-flow sampling). 

6.2 Sampling. Monitoring. and Evacuation Equipment 

Sample containers shall conform to the guidelines in SOP SA-6.1. 

The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 and 
SA-7.1): 

• Sample packaging and shipping equipment - Coolers for sample shipping and cooling, chemical 
preservatives, appropriate sampling containers and filler materials, ice, labels, and chain-of-custody 
documents. 

• Field tools and instrumentation 

- Multi-parameter water quality meter with an in-line sample chamber capable of measuring ORP, 
pH, temperature, DO, specific conductance, turbidity, and salinity, or individual meters (as 
applicable) 

- pH Paper 

- Camera and film (if appropriate) 

- Appropriate keys (for locked wells) 

- Water level indicator and/or oil-water interface probe if separate-phase product is expected 

• Pumps 

- Shallow-well pumps: Centrifugal, bladder, suction, or peristaltic pumps with drop lines and air-lift 
apparatus (compressor and tubing) where applicable. 

- Deep-well pumps: Submersible pump and electrical power-generating unit, or bladder pumps 
where applicable. 

• Other sampling equipment - Bailers, graduated cylinder, stopwatch, and inert line with tripod-pulley 
assembly (if necessary). 

• Pails - Plastic, graduated. 

• Clean paper or cotton towels for cleaning equipment. 

• Buckets with lids for collecting purge water. 
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• Decontamination solutions - Deionized water, potable water, phosphate-free laboratory-grade 
detergent, and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well purging and sample collection. 

6.3 Calculations of Well Volume 

To ensure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to know the volume of standing water in the well pipe (including well screen where applicable). 
This volume can be easily calculated by the following method. Calculations shall be entered in the site 
logbook or field notebook or on a sample log sheet form or equivalent electronic form(s) (see SOP 
SA-6.3): 

1. Obtain all available information on well construction (location, casing, screen, etc.). 

2. Determine well or inner casing diameter. 

3. Measure and record static water level (depth below ground level or top of casing reference point). 

4. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure or water 
level indicator. 

5. Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 
static water level). 

6. Calculate one static well volume in gallons V = (0.163)(T)(r2
) 

where: v 
T 
r 
0.163 

= 
= 
= 
= 

Static volume of well in gallons. 
Linear feet of water in the well. 
Inside radius of well casing in inches. 
Conversion factor (compensates for conversion of casing radius 
from inches to feet and cubic feet to gallons and pi. 

7. Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 
sampling. 

Measuring devices may become contaminated when gathering the above information if they are 
submerged in contaminated water. Decontamination of the tape or water level indicator must be 
conducted between measurements in different wells as follows: 

1. Saturate a paper towel or clean cotton towel with deionized water. 

2. As the measuring device is extracted, wipe the tape, changing the cleaning surface frequently. 

3. After it is extracted, rinse the probe or tape using a spray bottle of deionized water over a bucket or 
similar collection container. 

Based on the contaminant (oily, etc), it may be necessary to use a soap and water wash and rinse to 
remove contaminants. Isopropanol can be used on the probe/tape. However, it is recommended that the 
use of solvents on the tape be minimized because they could degrade the protective covering or possibly 
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remove the scale designations. If isopropanol (or some other solvent) is used, assure that the 
manufacturer/supplier Material Safety Data Sheet (MSDS) is obtained, kept on site at a readily available 
location with other MSDSs, and reviewed by personnel prior to the first usage of the solvent. Also, add 
the substance to the site-specific Hazardous Chemical Inventory list (see Section 5 of the TtNUS Health 
and Safety Guidance Manual [HSGM], Hazard Communication Program and OSHA Standard 29 CFR 
191 0.1200). 

6.4 Evacuation of Static Water- Purging 

6.4.1 General 

The amount to be purged from each well will be determined prior to sample collection. This amount will 
depend on the intent of the monitoring program and the hydrogeologic conditions. Programs to determine 
overall quality of water resources may require long pumping periods to obtain a sample that is 
representative of a large volume of the aquifer. The pumped volume may be specified prior to sampling 
so that the sample can be a composite of a known volume of the aquifer. Alternately, the well can be 
pumped until parameters such as temperature, specific conductance, pH, and turbidity (as applicable) 
have stabilized. Onsite measurements of these parameters shall be recorded in the site logbook or field 
notebook or on standardized data sheets or an equivalent electronic form(s). 

6.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. All 
of these techniques involve equipment that is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of tubing equipped with a base plate and ball check-valve at the bottom. Bailers are comprised 
of stainless steel and plastic. They come in a variety of sizes, but the two most often used are 2 inches 
and 4 inches in diameter. An inert non-absorbent line such as polyethylene rope is used to lower and 
then raise the bailer to retrieve the sample. As the bailer is lowered into the water column, the ball is 
pushed up allowing the tube to be filled. When the bailer is pulled upward, the ball seats in the base plate 
preventing water from escaping. 

Advantages of bailers include the following: 

• There are few limitations on size and materials used. 

• No external power source is needed. 

• Bailers are inexpensive and can be dedicated and hung in a well to reduce the chances of cross­
contamination. 

• Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

• It is time consuming to remove stagnant water using a bailer. 
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• Splashing the bailer into the water or transfer of sample may cause aeration. 

• The use of a bailer does not permit constant in-line monitoring of groundwater parameters. 

• Use of bailers is physically demanding, especially in warm temperatures at personal protection 
equipment (PPE) levels above Level D. 

Safety concerns using a bailer include the following: 

• Muscle stress and strain, especially when using 4-inch bailers and when pulling from excessively 
deep wells. 

• Entanglement, possible hand/finger injuries, and rope burns during a sudden release of the bailer 
back down the well. 

• Direct contact with contaminants of concern and sample preservatives when discharging the bailer 
contents because there is not a high level of control during a direct pour, and splashing and indirect 
contact with contaminants/preservatives could occur. 

Control measures for these hazards are provided in Section 6.6.2. 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and 
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low-volume pump that uses rollers 
to squeeze flexible tubing to create suction. This tubing can be dedicated to a well to prevent cross­
contamination from well to well. Suction pumps are all portable, inexpensive, and readily available. 
However, because they are based on suction, their use is restricted to areas with water levels within 20 to 
25 feet of the ground surface. A significant limitation is that the vacuum created by these pumps can 
cause loss of dissolved gases and volatile organics. Another limitation of these pumps is that they 
require a secondary energy source to drive them. Electrically driven pumps may require portable 
generators as energy sources. Air diaphragm pumps require air compressors and/or compressed gas 
cylinders to drive them. The advantage of the peristaltic pump is that it will operate from a portable 
battery source. Safety measures associated with these pumps are provided below. 

Air-Lift and Gas-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
groundwater up a sampling tube. These pumps are also relatively inexpensive. Air- or gas-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated as a 
result of pump action. Aeration can cause pH changes and subsequent trace metal precipitation or loss 
of volatile organics. 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. Operation principles vary, and 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. 
Pumps are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable 
depths (several hundred feet) . 
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• Sediment in water may cause clogging of the valves or eroding of the impellers with some of these 
pumps. 

• Decontamination of internal components can be difficult and time consuming. 

Compressed Gases 

Safety concerns using compressed gases as an energy source in these pumps are numerous. The 
nitrogen gas or compressed air is provided in a compressed gas cylinder at a pressure of approximately 
2,000 psi. If damaged, these cylinders can become dangerous projectiles. Additionally, a sudden 
release of a cylinder's contents can involve considerable force that could cause significant damage to the 
eyes and/or skin. Protective measures include the following: 

• Always wear safety impact glasses when handling compressed gases. 

• Always administer compressed gases through an appropriate pressure-reducing regulator. 

• When clearing the cylinder connection port, open the cylinder valve only enough to clear foreign 
debris. During this process, always position the cylinder valve so that it faces away from you and 
others. 

• If the cylinder is designed to accept a valve protection cap, always keep that protection cap in place, 
except the cylinder is connected for use. 

• When using the cylinder, lay the cylinder on its side to avoid the potential of it falling and knocking the 
valve off (and becoming a missile). 

• DO NOT use the compressed nitrogen or air to clean clothing or to spray off the skin. Small cuts in 
the protective layer of the skin may permit the gas to enter into the bloodstream, presenting the 
potential danger of an embolism. 

See the project-specific HASP for additional direction concerning cylinder safe handling procedures 
pertaining to the safe handling, transportation, and storage of compressed gas cylinders. 

Electrical Shock 

Even in situations where portable batteries are used, the potential for electrical shock exists. This 
potential risk is increased in groundwater sampling activities because of the presence of groundwater 
near the batteries. This potential is also increased in (prohibited) situations where jury-rigging of electrical 
connections is performed. Other potential hazards occur when field samplers open the hood of a running 
car to access the battery as a power source. To control these hazards: 
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• If you are unfamiliar with electrical devices, do not experiment, get help, and get the proper 
equipment necessary to power your device. 

• Use the proper portable power inverters for cigarette lighter connections to minimize the need to 
access the battery under the hood of your vehicle. 

• Use of electrical generators may pose a number of hazards including noise, those associated with 
fueling, and indirect sample influence. 

To minimize or eliminate electrical generator hazards: 

• Inspect the generator before use. Ensure that the generator and any extension cords are rated for the 
intended operation and have a Ground Fault Circuit Interrupter (GFCI) in line to control potential 
electrical shock. 

• Fuel the generator before purging and sampling to avoid loss of power during sampling. 

• Fuel engines only when they are turned OFF and have cooled sufficiently to prevent a fire hazard. 

• Place the generator and any fuel source at least 50 feet from the well to be sampled to avoid indirect 
influence to the sample from fuel vapors or emission gases. 

Lifting Hazards 

This hazard may be experienced when moving containers of purge water, equipment, cylinders, etc. To 
control these potential hazards: 

• Do not fill purge buckets to more than 80 percent of their capacity. 

• Obtain a gas cylinder of sufficient size to complete the designated task but not too large to handle. K­
size cylinders weigh approximately 135 pounds and are difficult to handle. M-size cylinders weigh 
approximately 50 pounds and are easier to handle and move. 

• When necessary, get help lifting and moving gas cylinders and other heavy objects. Minimize 
twisting and turning while lifting. If it is necessary to move these cylinders or generators over 
significant distance, use mechanical means (carts, etc.). 

• Use proper lifting techniques as described in Section 4.4 of the HSGM. 

6.5 Onslte Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 

• pH 
• Specific conductance 
• Temperature 
• DO 
• ORP 
• Turbidity 
• Salinity 
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This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous waste site. The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, or 
colloidal material or other suspended matter. 

This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use. Because instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use. Most 
meters used to measure field parameters require calibration on a daily basis. Refer to SOP SA-6.3 for an 
example equipment calibration log. 

6.5.1 Measurement of pH 

6.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination. It is therefore important that 
reasonably accurate pH measurements be taken and recorded on the groundwater sample log sheet 
(Attachment B) or equivalent electronic form. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. Indicator paper is 
used when only an approximation of the pH is required or when pH meter readings need to be verified, 
and the pH meter is used when a more accurate measurement is needed. The response of a pH meter 
can be affected by high levels of colloidal or suspended solids, but the effect is generally of little 
significance. Consequently, specific methods to overcome this interference are not described. The 
response of pH paper is unaffected by solution interferences from color, turbidity, or colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered. In such cases, use of a pH meter is recommended. 

6.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific, or narrower range, pH range paper. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion activity (which is usually similar to concentration) across that membrane. The 
membrane is conductive to ionic species and, in combination with a standard or reference electrode, a 
potential difference proportional to the ion concentration is generated and measured. 

6.5.1.3 Equipment 

The following equipment is to be used for obtaining pH measurements: 

• A stand-alone portable pH meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 
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• Combination electrode with polymer body to fit the above meter. Alternately, a pH electrode and a 
reference electrode can be used if the pH meter is equipped with suitable electrode inputs. 

• Buffer solutions, as specified by the manufacturer. If the buffer solutions are considered hazardous 
per 29 Code of Federal Regulations (CFR) 1910.1200 (Hazard Communication) or the volumes used 
are greater than consumer commodity levels, the SSO shall obtain MSDSs from the manufacturer for 
the specific buffer solutions (see Section 4 of the HSGM regarding the Hazard Communication 
Program) 

• pH indicator paper to cover the pH range 2 through 12. 

• Manufacturer's operation manual. All personnel must be familiar with the equipment operation to 
ensure that the integrity of samples is preserved and that the equipment is operated safely. 

6.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure shall be used for measuring pH with a pH meter (meter standardization is 
according to manufacturer's instructions): 

1. Inspect the instrument and batteries prior to initiation of the field effort. 

2. Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to be 
changed often as a result of degradation upon exposure to the atmosphere. 

3. If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and 
that no air bubbles are present within the electrode(s). 

4. Calibrate the meter and electrode(s) on a daily use basis (or as recommended by manufacturer) 
following manufacturer's instructions. Record calibration data on a water quality meter calibration log 
sheet (Attachment C) or equivalent electronic form. 

5. Immerse the electrode(s) in the sample. Stabilization may take several seconds to minutes. If the pH 
continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning. The failure of 
the measurements to stabilize must be clearly noted in the logbook or equivalent electronic form. 

6. Read and record the pH of the sample. pH shall be recorded to the nearest 0.01 pH standard unit. 
Also record the sample temperature (unless otherwise specified in the SAP, record temperatures to 
the nearest whole degree Fahrenheit or 0.5 degree Celsius). 

7. Rinse the electrode(s) with deionized water. 

8. Store the electrode(s) in an accordance with manufacturer's instructions when not in use. 

Any visual observation of conditions that may interfere with pH measurement, such as oily materials or 
turbidity, shall be noted and avoided as much as possible. 
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Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is determined. To measure the pH with pH paper: 

1. Collect a small portion of sample into a clean container. 

2. Dip the pH paper into this small portion of sample. 

3. Compare the color of the paper to the color chart that is provided with the pH paper and read the 
corresponding pH from the chart. 

4. Record the pH value from the chart on the sampling log sheet. 

5. Discard the used pH paper as trash. 

6. Discard the small volume of sample that was used for the pH measurement with the other 
investigative derived waste. 

6.5.2 Measurement of Specific Conductance 

6.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of ionized substances dissolved in the water and the 
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance measurement soon after taking a sample because 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
specific conductance. Most conductivity meters in use today display specific conductance in units of 
mS/cm, which is the conductivity normalized to a temperature of 25 'C. These are the required units to be 
recorded on the groundwater sample log field form or equivalent electronic form. 

6.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions migrate toward the negative electrode, and the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases, and salts such as hydrochloric acid, sodium carbonate, and 
sodium chloride, respectively, are relatively good conductors. Conversely, organic compounds such as 
sucrose or benzene, which do not dissociate in aqueous solution, conduct a current very poorly if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
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be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on the ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell, which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

6.5.2.3 Equipment 

The following equipment is needed tor taking specific conductance measurements: 

• Stand-alone portable conductivity meter or combination meter equipped with an in-line sample 
chamber (e.g., YSI 600 series and Horiba U-22). 

• Calibration solution, as specified by the manufacturer. 

• Manufacturer's operation manual. 

A variety of conductivity meters are available that may also be used to monitor salinity and temperature. 
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirements of 
the sampling program. 

6.5.2.4 Measurement Techniques tor Specific Conductance 

The steps involved in taking specific conductance measurements are as follows (calibration shall be 
conducted according to manufacturer's instructions): 

1. Check batteries and calibrate instrument before going into the field. 

2. Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's 
instructions and record all pertinent information on a water quality meter calibration log sheet or 
equivalent electronic form. Potassium chloride solutions with a specific conductance closest to the 
values expected in the field shall be used tor calibration. 

3. Rinse the cell with one or more portions of the sample to be tested or with deionized water and shake 
excess water from the cell. 

4. Immerse the electrode in the sample and measure the conductivity. 

5. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form. 

6. Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions tor troubleshooting assistance. 

6.5.3 Measurement of Temperature 

6.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in situ, or as quickly as possible in the field because collected 
water samples may rapidly equilibrate with the temperature of their surroundings. 
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Temperature measurements may be taken with alcohol-toluene, mercury-filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). In 
addition, various meters such as specific conductance or DO meters that have temperature measurement 
capabilities may also be used. Using such instrumentation along with suitable probes and cables, in-situ 
measurements of temperature at great depths can be performed. 

6.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample, use the following procedure: 

1. Immerse the thermometer in the sample until temperature equilibrium is obtained (1 to 3 minutes). To 
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

2. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 

If a temperature meter or probe is used: 

1. Calibrate the instrument according to manufacturer's recommendations prior to use. 

2. Immerse the meter/probe in the sample until temperature equilibrium is obtained (1 to 3 minutes). To 
avoid the possibility of cross-contamination, the meter/probe shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

3. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 

6.5.4 Measurement of Dissolved Oxygen 

6.5.4.1 General 

DO levels in natural water and wastewater depend on the physical, chemical and biochemical activities in 
the water body. In addition, the growth of many aquatic organisms and the rate of corrosivity are 
dependent on DO concentrations. Thus, analysis for DO is a key test in water pollution and waste 
treatment process control. If at all possible, DO measurements shall be taken in situ because 
concentrations may show a large change in a short time if the sample is not adequately preserved. 

The monitoring method discussed herein is limited to the use of DO meters. Chemical methods of 
analysis (i.e., Winkler methods) are available but require more equipment and greater sample 
manipulation. Furthermore, DO meters using a membrane electrode are suitable for highly polluted 
waters because the probe is completely submersible and is not susceptible to interference caused by 
color, turbidity, or colloidal material or suspended matter. 

6.5.4.2 Principles of Equipment Operation 

DO probes are normally electrochemical cells that have two solid metal electrodes of different nobility 
immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable membrane. The metal of 
highest nobility (the cathode) is positioned at the membrane. When a suitable potential exists between 
the two metals, reduction of oxygen to hydroxide ion (OH·) occurs at the cathode surface. An electrical 
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current is developed that is directly proportional to the rate of arrival of oxygen molecules at the cathode. 
This rate is proportional to the oxygen concentration in the water being measured. 

Because the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, some 
probes are equipped with stirrers to agitate the solution near the probe, leaving the surface of the solution 
undisturbed. 

DO probes are relatively unaffected by interferences. Interferences that can occur are reactions with 
oxidizing gases such as chlorine or with gases such as hydrogen sulfide that are not easily depolarized 
from the indicating electrode. If a gaseous interference is suspected, it shall be noted in the field logbook 
and checked if possible. Temperature variations can also cause interference because probes exhibit 
temperature sensitivity. Automatic temperature compensation is normally provided by the manufacturer. 
This compensation can counteract some of the temperature effects but not all of them. 

6.5.4.3 Equipment 

The following equipment is needed to measure DO concentrations: 

• A stand-alone portable DO meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 

• Sufficient cable to allow the probe to contact the sample. 

• Manufacturer's operation manual. 

6.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 

DO probes differ as to instructions for use. Follow the manufacturer's instructions to obtain an accurate 
reading. The following general steps shall be used to measure DO concentrations: 

1. Check the DO meter batteries before going to the field. 

2. Condition the probe in a water sample for as long a period as practical before use in the field. Long 
periods of dry storage followed by short periods of use in the field may result in inaccurate readings. 

3. Calibrate the instrument in the field according to manufacturer's recommendations or in a freshly air­
saturated water sample of known temperature. 

4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 
form. 

5. Rinse the probe with deionized water. 

6. Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane by stirring 
the sample. Probes without stirrers placed in wells may be moved up and down to achieve the 
required mixing. 

019611/P Tetra Tech, Inc. 



Subject 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE 
WATER QUALITY TESTING 

Number 

Revision 

SA-1.1 

8 

Page 
19 of 34 

Effective Date 
01/2012 

7. Record the DO content and temperature of the sample in a field logbook or on a sample log sheet or 
equivalent electronic form. 

8. Rinse the probe with deionized water. 

9. Recalibrate the probe when the membrane is replaced, or as needed. Follow the manufacturer's 
instructions. 

Note that in-situ placement of the probe is preferable because sample handling is not involved. This 
however may not always be practical. 

Special care shall be taken during sample collection to avoid turbulence that can lead to increased 
oxygen solubilization and positive test interferences. 

6.5.5 Measurement of Oxidation-Reduction Potential 

6.5.5.1 General 

ORP provides a measure of the tendency of organic or inorganic chemicals to exist in an oxidized state. 
The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of 
biodegradable organics or the ratio of activities of reduced to oxidized species in the sample. 

6.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution. 
By this measurement, the ability to oxidize or reduce species in solution may be determined. 
Supplemental measurements, such as DO, may be correlated with ORP to provide knowledge of the 
quality of the solution, water, or wastewater. 

6.5.5.3 Equipment 

The following equipment is needed for measuring the ORP of a solution: 

• A combination meter with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 

• Reference solution as specified by the manufacturer. 

• Manufacturer's operation manual. 

6.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring ORP: 

1 . Check the equipment using the manufacturer's recommended reference solution and check its 
batteries before going to the field. 

2. Thoroughly rinse the electrode with deionized water. 
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3. If the probe does not respond properly to the recommended reference solution, verify the sensitivity of 
the electrodes by noting the change in millivolts when the pH of a test solution is altered. The ORP 
will increase when the pH of a test solution decreases, and the ORP will decrease when the test 
solution pH is increased. Place the sample in a clean container and agitate the sample. Insert the 
electrodes and note that the ORP drops sharply when the caustic is added (i.e., pH increases) thus 
indicating that the electrodes are sensitive and operating properly. If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced. 

4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 
form. 

6.5.6 Measurement of Salinity 

6.5.6.1 General 

Salinity is a unitless property of industrial and natural waters. It is the measurement of dissolved salts in 
a given mass of solution. Most field meters determine salinity automatically from conductivity and 
temperature. The displayed value will be displayed in either parts per thousand (ppt) or percent (e.g., 35 
ppt equals 3.5 percent). 

6.5.6.2 Principles of Equipment Operation 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (such as are found in Standard Methods for the Examination of Water and Wastewater). 
Depending on the meter, the results are displayed in either ppt or percent. The salinity measurements 
are carried out in reference to the conductivity of standard seawater (corrected to salinity= 35 ppt). 

6.5.6.3 Equipment 

The following equipment is needed for salinity measurements: 

• A multi-parameter water quality meter capable of measuring conductivity and temperature and 
converting them to salinity (e.g., Horiba U-22 or YSI 600 series). 

• Calibration solution as specified by the manufacturer. 

• Manufacturer's operation manual. 

6.5.6.4 Measurement Techniques for Salinity 

The steps involved in taking salinity measurements are as follows (standardization shall be conducted 
according to manufacturer's instructions): 

1. Check the expiration date of the solutions used for field calibration and replace them if they are 
expired. 

2. Check batteries and calibrate the meter before going into the field. 

019611/P Tetra Tech, Inc. 



Subject 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE 
WATER QUALITY TESTING 

Number 

Revision 

SA-1.1 

8 

Page 
21 of 34 

Effective Date 
01/2012 

3. Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 
information on a water quality meter calibration log sheet or equivalent electronic form. 

4. Rinse the cell with the sample to be tested. This is typically accomplished as the probe is placed in 
line during the collection of the purge water up to the time of sample acquisition. 

5. Immerse the multi-probe in the sample and measure the salinity. Read and record the results in a 
field logbook or on a sample log sheet or equivalent electronic form. 

6. Rinse the probes with deionized water. 

6.5.7 Measurement of Turbidity 

6.5.7.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample. Turbidity in water is caused by suspended matter 
such as clay, silt, or other finely divided organic and inorganic matter and microscopic organisms 
including plankton. 

It is important to obtain a turbidity reading immediately after taking a sample because irreversible 
changes in turbidity may occur if the sample is stored too long. 

6.5.7.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method, which is based on a comparison of the intensity of 
light scattered by the sample under defined conditions with the intensity of light scattered by a standard 
reference suspension under the same conditions. The higher the scattered light intensity, the higher the 
turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidimeter. Therefore, nephelometric turbidity units (NTUs) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to 
them. 

6.5.7.3 Equipment 

The following equipment is needed for turbidity measurements: 

• A turbidity meter (e.g., LaMotte 2020) that calibrates easily using test cells with standards of 0.0, 1.0, 
and 10 NTUs, or a combination meter equipped with an in-line sample chamber (e.g., YSI 600 series 
and Horiba U-22). 

• Calibration solution and sample tubes, as specified by the manufacturer. 

• Manufacturer's operation manual. 
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The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (I) are listed 
below (standardization shall be done according to manufacturer's instructions): 

1. Check the expiration date of the solutions used for field calibration and replace them if they are 
expired. 

2. Check batteries and calibrate the instrument before going into the field. 

3. Calibrate on a daily basis according to the manufacturer's instructions, and record all pertinent 
information on a turbidity meter calibration log sheet (Attachment C) or equivalent electronic form. 

4. When using the YSI and/or Horiba U-22, rinse the electrode with one or more portions of the sample 
to be tested or with deionized water. 

5. When using the Lamotte 2020, fill the light meter's glass test cell with approximately 5 mL of sample, 
screw on the cap, wipe off glass to remove all residue that could intercept the instrument's light beam, 
place the test cell in the light meter, and close the lid. 

6. Immerse the electrode in the sample and measure the turbidity. 

7. The reading must be taken immediately because suspended solids will settle over time resulting in a 
lower, inaccurate turbidity reading. 

8. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form. 
Include a physical description of the sample, including color, qualitative estimate of turbidity, etc. 

9. Rinse the electrode or test cell with deionized water. 

6.6 Sampling 

6.6.1 Sampling Plan 

The sampling approach consisting of the following shall be developed as part of the project planning 
documents approved prior to beginning work in the field: 

• Background and objectives of sampling. 

• Brief description of area and waste characterization. 

• Identification of sampling locations, with map or sketch, and applicable well construction data (well 
size, depth, screened interval, reference elevation). 

• Intended number, sequence, volumes, and types of samples. If the relative degree of contamination 
between wells is insignificant, a sampling sequence that facilitates sampling logistics may be 
followed. Where some wells are known or strongly suspected of being highly contaminated, these 
shall be sampled last to reduce the risk of cross-contamination between wells. In situations where 
the well is not well-characterized and the nature or extent of airborne contamination is unknown, it is 
recommended that head space analysis using a photoionization detector (PID) or flame ionization 
detector (FlO) is performed to rate the wells, sampling from least contaminated to most contaminated. 
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Refer to the project-specific HASP for appropriate information and direction on air monitoring 
requirements. 

• Sample preservation requirements. 

• Work schedule. 

• List of team members. 

• List of observers and contacts. 

• Other information, such as the necessity for a warrant or permission of entry, requirements for split 
samples, access problems, location of keys, etc. 

• The FOL shall ensure that the sampling method(s) to be employed is accurately represented in the 
HASP, indicating the types of sampling to be employed and the hazards. If the methods are not 
accurately represented, the FOL should rectify this with the HASP author. 

• The FOL shall ensure that sampling teams understand the sampling approach that they are to follow. 
Where sampling teams are made up of personnel from multiple locations, personal sampling 
experiences may vary. Therefore the FOL shall review project-specific requirements, SOPs, and 
protocol to be followed. The FOL will conduct periodic surveys to ensure that these methods are 
being completed per his/her direction. 

6.6.2 Sampling Methods as Related to Low-Flow Sampling 

The collection of a groundwater sample consists of the following steps: 

1. Ensure the safety of the sample location. Take a few minutes to evaluate the area for physical 
hazards (trip hazards, uneven ground, overhanging branches, etc.) and natural hazards (snakes, 
bees, spiders, etc.) that may exist in the area or that may have constructed nests in the well head. 
Snakes often like to sun themselves on concrete well pads. Follow provisions in the project-specific 
HASP and/or HSGM for addressing natural hazards. 

2. As indicated earlier, some monitoring wells have the potential to contain pressurized headspace (e.g., 
through the generation of gases form contaminated groundwater, due to biological processes, 
degradation of contaminants, or simply based on location such as near a landfill or in areas that 
intersect lithological abnormalities) or through intentional artificial means such as those associated 
with air sparging systems. Injection or extraction wells may be artificially pressurized and may remain 
so for several days after the system has been turned off. This presents a hazard to people opening 
these wells. The Field Sampling Technician shall employ the following practices to minimize these 
hazards: 

019611/P 

• Wear safety glasses to protect the eyes. If site-specific observations and conditions indicate that 
the wells may be pressurized, wear a full-face shield over the safety impact eye protection. 

• DO NOT place your face or any other part of your body over the well when opening because this 
may place you in a strike zone. 

• Open the well cover at arms length, then step away and allow the well to off gas and stabilize. 

Follow directions provided in the project-specific HASP, Work Plan and/or Sampling Plan pertaining 
to the use of volatile chemical detection equipment (PID or FID) within the breathing zone of the 
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sampler during sampling to determine the need to retreat from the work area and/or for the use of 
respiratory protection (as specified in the HASP). 

3. When proper respiratory protection has been donned, sound the well for total depth and water level 
(using clean equipment) and record these data on a groundwater sampling log sheet or equivalent 
electronic form; then calculate the fluid volume in the well pipe (as previously described in this SOP). 
It is imperative that downhole equipment be adequately decontaminated between wells to prevent 
cross-contamination. Just as sampling occurs from the least contaminated to the most contaminated, 
it is also recommended that groundwater level measurements be taken in this manner. 

4. Calculate volume of well water to be removed as described in Section 6.3. 

5. Select the appropriate purging equipment (see Attachment A to this SOP) or as designated within 
your Work Plan/Sampling Plan. If an electric submersible pump with packer is chosen, go to Step 10. 

6. Lower the purging equipment or intake into the well to a short distance below the water level or mid­
screen as indicated in project-specific documentation and begin water removal. Remember that 
some contaminants are "bottom dwellers," and in these cases, project-specific direction may specify 
placing the intake just above (1 to 2 feet) the well bottom. Secure the pump intake at the well and 
secure the effluent at the collection container and begin pumping. The pumping rate will be 
determined based on the decrease in the water level (see Section 6.7) or as directed in your project­
specific documents or this SOP. Purge water is generally collected in a 5-gallon bucket or similar 
open- or closed-top container. To minimize the potential for spills and back injuries, do not fill 5-
gallon buckets beyond approximately 80 percent of their capacity. Dispose of purge water was as 
indicated in the planning document(s). Where necessary, slow the pumping rate or lower the pump 
intake as required to maintain submergence. 

7. Estimate the approximate rate of discharge frequently and record it on the Low Flow Purge Data 
Sheet (see Attachment D). Estimate flow rate by noting the amount of discharge in a bucket or 
graduated cylinder per unit time using a watch with a second hand or a stopwatch. 

8. Observe the peristaltic pump tubing intake for degassing "bubbles." If bubbles are abundant and the 
intake is fully submerged, this pump is not suitable for collecting samples for volatile organics. 

9. Purge a minimum of three to five casing volumes before sampling (or as directed by the site-specific 
SAP). In low-permeability strata (i.e., if the well is pumped to dryness), one volume will suffice. Allow 
the well to recover to 75 percent of initial water level before sampling. Do not overfill purge 
containers because this increases the potential for spills and lifting injuries. 

10. If sampling using a submersible pump, lower the pump intake to mid-screen (or the middle of the 
open section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer to 
just below the water surface. 

11. For pump and packer assemblies only: Lower the assembly into the well so that the packer is 
positioned just above the screen or open section. Inflate the packer. Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling. Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

12. If the recovery time of the well is very slow (e.g., 24 hours or greater), sample collection can be 
delayed until the following day. If the well has been purged early in the morning, sufficient water may 
be standing in the well by the day's end to permit sample collection. If the well is incapable of 
producing a sufficient volume of sample at any time, take the largest quantity available and record 

019611/P Tetra Tech, Inc. 



Subject 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE 
WATER QUALITY TESTING 

Number 

Revision 

SA-1.1 

8 

Page 
25 of 34 

Effective Date 
01/2012 

this occurrence in the site logbook or equivalent electronic form. When this occurs, contact the 
analytical laboratory to alert them that a reduced sample volume(s) will be submitted for analysis. 

13. Fill sample containers and preserve and label them as described in SOP SA-6.1. Many sample 
bottles will contain preservative when they are shipped to the field. In those cases, do not add 
preservative. 

14. Replace the well cap and lock it as appropriate. Make sure the well is readily identifiable as the 
source of the sample. 

15. Process sample containers as described in SOP SA-6.1 . 

16. Decontaminate equipment as described in SOP SA-7 .1 . 

6.7 Low-Flow Puralnq and Sampling 

6.7.1 Scope and Application 

Low-flow purging and sampling techniques may be required for groundwater sampling activities. The 
purpose of low-flow purging and sampling is to collect groundwater samples that contain "representative" 
amounts of mobile organic and inorganic constituents in the vicinity of the selected open well interval, at 
or near natural flow conditions. This minimum-stress procedure emphasizes negligible water level 
drawdown and low pumping rates to collect samples with minimal alterations in water chemistry. This 
procedure is designed primarily to be used in wells with a casing diameter of 1 inch or more and a 
saturated screen length, or open interval, of 1 0 feet or less. Samples obtained are suitable for analyses 
of common types of groundwater contaminants (volatile and semivolatile organic compounds, pesticides, 
polychlorinated biphenyls [PCBs], metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This 
low-flow procedure is not designed for collection of non-aqueous phase liquid samples from wells 
containing light or dense non-aqueous phase liquids (LNAPLs or DNAPLs). 

This procedure is flexible for various well construction types and groundwater yields. The goal of the 
procedure is to obtain a turbidity level of less than 1 0 NT Us and to achieve a water level drawdown of 
less than 0.3 foot during purging and sampling. If these goals cannot be achieved, sample collection can 
take place provided that the remaining criteria in this procedure are met. 

6. 7.2 Equipment 

The following equipment is required (as applicable) for low-flow purging and sampling: 

• Adjustable rate submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 
Teflon). 

• Disposable clear plastic bottom-filling bailers to be used to check for and obtain samples of LNAPLs 
or DNAPLs. 

• Tubing- Teflon, Teflon-lined polyethylene, polyethylene, polyvinyl chloride (PVC), Tygon, or stainless 
steel tubing can be used to collect samples for analysis, depending on the analyses to be performed 
and regulatory requirements. 

• Water level measuring device with 0.01-foot accuracy (electronic devices are preferred for tracking 
water level drawdown during all pumping operations). 

019611/P Tetra Tech, Inc. 



Subject Number Page 
GROUNDWATER SAMPLE SA-1.1 26 of 34 
ACQUISITION AND ONSITE Revision Effective Date 
WATER QUALITY TESTING 8 01/2012 

• Interface probe . 

• Flow measurement supplies . 

• Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

• Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature. 
Use of a flow-through cell is recommended. Optional indicators - ORP, salinity, and DO. A flow­
through cell (also referred to as an in-line sample chamber) is required. 

• Standards to perform field calibration of instruments. 

• Decontamination supplies. 

• Logbook(s) and other forms (see Attachments 8 through D) or equivalent electronic form(s). 

• Sample bottles. 

• Sample preservation supplies (as required by the analytical methods). 

• Sample tags and/or labels. 

• Well construction data, location map, field data from last sampling event (if available). 

• Field Sampling Plan. 

• PID or FID instrument for measuring volatile organic compounds (VOCs) per the HASP. 

6.7.3 Purging and Sampling Procedure 

1. Open the monitoring well as stated earlier and step away. Prepare sampling equipment while 
allowing 3 to 5 minutes to allow the water level to reach equilibrium. In situations where VOCs are 
the primary contaminants of concern, air monitoring of the samplers' breathing zone areas may be 
required by the HASP (typically with a PID or FID). 

2 Measure the water level immediately prior to placing the pump in the well and record the water level 
on the Low-Flow Purge Data Form or equivalent electronic form immediately prior to placing the 
pump or tubing into the well. 

3. Lower the measuring device further into the well to collect the total depth measurement. Again wait 3 
to 5 minutes to allow the well to equilibrate to the initial water level prior to placing the pump or pump 
intake in the well. 

4. Record the total well depth on the Low-Flow Purge Data Form or equivalent electronic form 
immediately prior to placing the pump or tubing into the well 

5. Lower the pump or tubing slowly into the well so that the pump intake is located at the center of the 
saturated screen length of the well. If possible, keep the pump intake at least 2 feet above the bottom 
of the well to minimize mobilization of sediment that may be present in the bottom of the well. 
Collection of turbidity-free water samples may be difficult if there is 3 feet or less of standing water in 
the well. 
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6. Start with the initial pump rate set at approximately 0.1 liter per minute. Use a graduated cylinder and 
stopwatch to measure the pumping rate. Adjust the pumping rates as necessary to prevent 
drawdown from exceeding 0.3 foot during purging. If no drawdown is noted, the pump rate may be 
increased (to a maximum of 0.4 liter per minute) to expedite the purging and sampling event. The 
pump rate will be reduced if turbidity is greater than 1 0 NTUs after all other field parameters have 
stabilized. If groundwater is drawn down below the top of the well screen, purging shall cease or the 
well shall be pumped to dryness and then allowed to recover before purging continues. Well recovery 
to 75 percent is necessary prior to sampling. Slow-recovering wells should be identified and purged 
at the beginning of the workday to maximize field work efficiency. If possible, samples should be 
collected from these wells within the same workday and no later than 24 hours after the end of 
purging. 

7. Measure the water level in the well every 5 to 1 0 minutes using the water level meter. Record the 
well water level on the Low Flow Purge Data Form (Attachment D) or equivalent electronic form. 

8. Record on the Low Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH, 
specific conductance, temperature, turbidity, ORP, DO, and salinity or as specified by the approved 
site-specific planning document) measured by the water quality meter and turbidity meter. If the cell 
needs to be cleaned during purging operations, continue pumping (allow the pump to discharge into a 
container) and disconnect the cell. Rinse the cell with distilled/deionized water. After cleaning is 
completed, reconnect the flow-through cell and continue purging. Document the cell cleaning on the 
Low-Flow Purge Data Form or equivalent electronic form. 

9. Estimate the flow rate by noting the amount of discharge in a graduated cylinder per unit time using a 
watch with a second hand. Remeasure the flow rate any time the pump rate is adjusted and 
periodically during purging. This will determine if a reduction in rate has occurred due to possible 
battery depletion. 

10. During purging, check for the presence of bubbles in the flow-through cell. The presence of bubbles 
is an indication that connections are not tight. If bubbles are observed, check for loose connections 
and tighten , repair, or replace them as necessary to achieve a tight connection. 

11. Wait until stabilization is achieved, or a minimum of two saturated screen volumes have been 
removed and three consecutive readings, taken at 5 to 1 0 minute intervals, are within the following 
limits, then begin sampling: 

• pH ±0.2 standard units 
• Specific conductance ±1 0% 
• Temperature ±1 0% 
• Turbidity less than 1 0 NTUs 
• DO ±10% 

12. If the above conditions have not been met after the well has been purged for 4 hours, purging will be 
considered complete and sampling can begin. Record the final well stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form or equivalent electronic form. 

NOTE: VOC samples are preferably collected first, directly into pre-preserved sample containers. Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 

13. If the water column in the pump tubing collapses (water does not completely fill the tubing) before 
exiting the tubing, use one of the following procedures to collect VOC samples: 
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• Collect samples for non-VOC analyses first, then increase the flow rate incrementally until the 
water column completely fills the tubing, collect the sample for VOCs, and record the new flow 
rate. 

• Reduce the diameter of the existing tubing until the water column fills the tubing either by adding 
a connector (Teflon or stainless steel) or clamp, which should reduce the flow rate by constricting 
the end of the tubing. Proceed with sample collection. 

• Insert a narrow-diameter Teflon tube into the pump's tubing so that the end of the tubing is in the 
water column and the other end of the tubing protrudes beyond the pump's tubing, then collect 
the sample from the narrow diameter tubing. 

• Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

Diameter Casing Bailer Peristaltic Vacuum Air-lift Diaphragm Submersible Submersible Submersible 
Pump Pump ''Trash" Diaphragm Electric Pump Electric Pump 

Pump Pump w/Packer 

1.25-lnch Water level X X X X X 
<25 feet 

Water Level X X 
>25feet 

2-lnch Water level X X X X X X 
<25feet 

Water Level X X X 
>25 feet 

4-lnch Water level X X X X X X X X 
<25feet 

Water Level X X X X X 
>25feet 

6-lnch Water level X X X X 
<25 feet 

Water Level X X X 
>25feet 

B-lnch Water level X X X X 
<25 feet 

Water Level X X X 
>25 feet 
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Manufacturer Model Principle of 
Name/Number Operation 

BarCad Systems, BarCad Sampler Dedicated; gas 
Inc. drive (positive 

displacement) 
Cole-Parmer lnsl Master Flex 7570 Portable; 
Co. Portable Sa"1'1ing peristaltic 

Pump (suction) 
ECO Pump Corp. SAMPLifier Portable; venturi 

Geltek Corp. Bailer 219-4 Portable; grab 
(positive 
displacement) 

GeoEngineering, GEC».fONITOR Dedicated; gas 
Inc. drive (positive 

displacement) 

Industrial and Aquarius Portable; bladder 
Environmental (positive 
Analysts, Inc. (lEA) displacement) 
lEA Syringe Sampler Portable; grab 

(positive 
displacement) 

Instrument Model 2600 Portable; bladder 
Specialties Co. Well Sampler (positive 
(ISCO) displacement) 
Keck Geophysical SP~1 Portable; helical 
Instruments, Inc. Submersible rotor (positive 

Sampling Pump displacement) 
Leonard Mold and GeoFiller Small Portable; bladder 
Die Works, Inc. Diameter Well (positive 

Pump (#0500) displacement) 
OM Recovery Surface Sampler Portable; grab 
Systems, Inc. (positive 

displacement) 
Q.E.D. Well W1Z8rd8 Dedicated; 
Enviro001ental Monitoring System bladder (positive 
Systems, Inc. (P-100) displacement) 

Maxinum Conslructlon 
Ou1slde Materials (wlllnes 

Diameterll and Tubing) 
ength 

(Inches) 
1.5116 PE, brass, nylon, 

aluminum oxide 

<1.0/NA (not submersible) 
Tygone, slcone 
Vrtone 

<1.5 or PP, PE, PVC, SS, 
<2.0/NA Te~.Tefze!IJ 

1.66138 Teflone 

1.5116 PE, PP, PVC, 
v.tone 

1.75143 ss, Teftone, Vrtone 

1.75143 ss. Teftone 

1.75150 PC, silicone, 
Teflorfl, PP, PE, 
Detrine, acetal 

1.75125 SS, Tello,., PP, 
EPDM, VIto,. 

1.75138 SS, Teftorfl, PC, 
Neoprenaa 

1.75112 acrylic, Detrirfl 

1.66136 PVC 

en r:: s. 
~ 

:El>G> 
)>(")JJ 
-iDO 
mcc 
JJ(j)Z 
Q::::jO 
c-:E 

Lift Delivery Rates 1982 Comments )>0)> ,z., 
Range· or Volumes Price -)>m 

(ft) (Dollars) ~ZJJ 
_,ocn 
mol> 

0-150 1 liter for each $220-350 Requires corl'llressed gas; custom sizes and Cllz3: 
with std. 10-15 feet of materials available; acts as piezometer. :::!cn"tl z-r 
tubing submergence G>r;:1m 
0-30 670 ml.lmi1 ACJDC; variable speed control available; 

with 7015- other models may have different fla.v rates. 
20pump head 

0-100 0-500 mUmin $400-700 AC, DC, or gasoline-driven motors available; 
depending on must be primed. 
lift :0 z 

Nolmlt 1,075 ml $120-135 Other sizes available. CD r:: 
s. 3 
"' !{ o· 
"' 

Probably Approximat81y $185 Acts as piezometer; requires c:ompressed (X) (/) 
0-150 1 Iller for each gas. =!> 

10faet of ...... 
submergence :..... 

0-250 0-2,800 mUmin $1,500- Requires compressed gas; other models 
3,000 avaBable; AC, DC, manual operation 

possible. 
No limit 850 ml $1,100 Requires vacuum and/or pressure from hand 

sample volume pump. 

0-150 0-7,500 mUmin $990 Requires compressed gas (40 psi minimUm). 

0-160 0-4,500 mlhnin $3,500 . DC operaled. 
m "tJ 
=1: Ill 

~ tQ 

0-400 0-3,500 mUmin $1,400- Requires compressed gas (55 psi minimum); CD 
:;:· 

1,500 pneumatic or ACJDC control module. CD 

oli? c.l 
No limit Approximately 1 s12s-1so other materials and models available; for ...... - 0 .._CD 

250ml measuring thickness of "ffoating" 1\) 0 
0 -contaminants. ...... c.l 

0-230 0-2,000 mUmin $30()..iOO Requires compressed gas; piezometric level 
1\) .,.. 

indicator; other materials available. 
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Manufacturer Model Principle of Maximum Construction Materials Lift Range Delivery Rates or 1982 Comments 
Name/Number Operation Outside (wllines and Tubing) (ft) Volumes Price 

Diameterll (Dolars) 
ength 

(Inches) 
Randolph Austin Model 500 Portable; peristaltic <0.5/NA (Not submersible) 0-30 See comments $1,200- Flow rate dependent on motor and 
Co. Vari-Fiow Pump (suction) Rubber, Tygone, or 1,300 tubing selected; AC operated; other 

Neop~ models available. 
Robert Bennett Model180 Portable; piston 1.8122 SS, Teflone, Delrtne PP, 0-500 0-1 ,800 mUmln $2,600- Requires compressed gas; water level 
Co. (positive Vlton'l, acrylic, PE 2,700 indicator and flow meter; custom 

displacement) models available. 
Slope Indicator Model 514124 Portable; gas drive 1.9/18 PVC, nylon 0-1,100 250 mLiflushing $250-350 Requires compressed gas; ss 
Co. (SINCO) Pneumatic (positive cycle available; piezometer model available; 

Water Sampler displacement) dedicated model available. 
Solinst Canada 5W Water Portable; grab 1.9f27 PVC, brass, nylon, 0-330 500ml $1,300- Requires compressed gas; custom 
Ltd. Sampler (positive Neopre~ 1,800 models available. 

displacement) 
TIMCO Mfg. Co., Std. Bailer Portable; grab 1.66/Custo PVC,PP No limit 250 mllft of $20-60 Other sizes, materials, models 
Inc. (positive m bailer available; optional bottom-emptying 

displacement) device available; no solvents used. 
TIMCO Air or Gas Lift Portable; gas drive 1.66130 PVC, Tygorfll, TeflonGI 0-150 350 mLiflushing $100-200 Requires compressed gas; other 

Sampler (positive cycle sizes, materials, models available; no 
· displacement) solvents used. 

Tole Devices Co. Sampling Pump Portable; bladder 1.38148 ss, silicone, Delrin'l, 0-125 0-4,000 mlhnin $800- Compressed gas required; DC control 
(positive Tygone 1,000 module; custom built. 
displacement) 

Construction Material Abbreviations: Other Abbreviations: 

PE Polyethylene NA Not applicable 
pp Polypropylene AC Alternating current 
PVC Polyvinyl chloride DC Direct current 
ss Steinless steel 
PC Poly carbonate 
EPDM Ethylene-propylene diene (synthetic rubber) 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is ·not meant to be 
all-inclusive and listing does not constitute endorsement for use. Information in the table is from seles literature and/or personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Source: Barcelona at al., 1983. 
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GROUNDWATER SAMPLE LOG SHEET 
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[ I Domestic Well Data 
[x] Monitoring Well Data 
[ I Other Well Type: 
[ ) QA Sample Type: 

MSIUSD DupUcate ID No.: 

Sample ID No.: 
Sample Location: -----­
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This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of monitoring wells. The methods described herein may 
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 

3.0 GLOSSARY 

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some 
monitoring wells may be constructed as open boreholes. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from 1 /2-inch-diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 

Well Point (Drive Point)- A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for water quality data. 

4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. 
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Below is a list of items that may be needed when installing a monitoring well or piezometer: 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 

• Well drilling and installation equipment with associated materials (typically supplied by the driller). 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

5.2 , Well Design 

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed. Within the monitoring system, different monitoring wells may serve different 
purposes and, therefore, require different types of construction. During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by 
an experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data 
from production wells or other monitoring wells in the area may be used to determine the groundwater 
flow direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, 
may have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each 
investigation. Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating 
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval. However, fully penetrating wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired 
depends upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling 
method and cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

• The vertical location of the contaminant source in relation to the water-bearing zone. 

• The depth, thickness and uniformity of the water-bearing zone. 

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
events). 

• The presence and location of contaminants encountered during drilling. 

• Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

• The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be used. 
• Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in 
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch­
diameter well is preferred. · Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the 
sampling devices that can be used are limited. 

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

Casing Inside 
Diameter (Inch) 

2 
4 
6 

Standing Water Length to Obtain 
1 Gallon Water (Feet) 

6.13 
1.53 
0.68 

If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps}; however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With 
larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The required 
thickness is also dependent on the method of installation; risers for drive points require greater strength 
than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of 
PVC may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. Due to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I. D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally 
used when a screen is necessary, and the annular borehole space around the screened interval is 
artificially packed with an appropriately sized sand, selected based on formation grain size. The slot size 
controls the quantity of water entering the well and prevents entry of natural materials or sand pack. The 
screen shall pass no more than 1 0 percent of the pack material, or in-situ aquifer material. The site 
geologist shall specify the combination of screen slot size and sand pack which will be compatible with 
the water-bearing zone, to maximize groundwater inflow and minimize head losses and movement of 
fines into the wells. For example, as a standard procedure, a Marie No. 1 or No. 1 0 to No. 20 U.S. 
Standard Sieve size fiher pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to 
No. 40 U.S. Standard Sieve size filter pack is typically appropriate for a 0.01 0-inch slot screen. 
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Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a 
medium-to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer 
sediments. The quantity of sand placed in the annular space is dependent upon the length of the 
screened interval, but should always extend at least 1 foot above the top of the screen. At least 1 to 
3 feet of bentonite pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or 
equivalent) is then placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also 
replaces material removed during drilling and prevents hole collapse and subsidence around the well. A 
tremie pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide 
a better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or 
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of 
grout. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or 
sand. A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below 
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure 
that the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled just above the cement collar through the protective 
casing which acts as a weep hole for the flow of water which may enter the annulus during well 
development, purging, or sampling. 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells In Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers 
will act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as 
the casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in 
order to ensure an adequate sand pack. However, if too much sand is within the temporary casing 
(greater than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe 
may occur. Centralizers may be used at the geologist's discretion, one above and one below the screen, 
to assure enough annular space for sand pack placement. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or 
augers are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between aquifers. Under most conditions, this can be accomplished 
by installing double-cased wells. This is accomplished by drilling a large-diameter boring through the 
upper aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie 
grouting a large-diameter casing into the confining layer. The grout material must fill the space between 
the native material and the outer casing. A smaller diameter boring is then continued through the 
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confining layer for installation of the monitoring well as detailed for overburden monitoring wells. 
Sufficient time (determined by the field geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 -1 0 feet into bedrock. A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock 
to the desired depth. If the boring does not collapse, the well can be left open, and a screen is not 
necessary. If the boring collapses, then a screen is required and can be installed as detailed for 
overburden monitoring wells. If a screen is to be used, then the casing which is installed through the 
overburden and into the bedrock does not require grouting and can be removed when the final well 
installation is completed. 

5.3.4 Brl·;e PeiRt& 

Direct push onitoring point installation methods, using a direct pus~~,r 
daiMtm'Cfim SOP SA-2.5. 

!.3.5 Innovative Monitoring Well Installation Techniques 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed from the well. 
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may 
yield information (stabilized values) regarding whether sufficient development has been performed. The 
selection of the well development method shall be made by the field geologist and is based on the drilling 
methods, well construction and installation details, and the characteristics of the formation that the well is 
screened in. The primary methods of well development are summarized below. A more detailed 
discussion may be found in Driscoll (1986). 

5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the 
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formation. This back and forth movement of water through the well screen and gravel pack serves to 
remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of 
sand grains. Backwashing can be accomplished by several methods, including pouring water into the 
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
into the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of 
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of 
alternately releasing large volumes of air suddenly into an open well below the water level to produce a 
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the well. is 
subsequently done using the air lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area. Jetting using a hose lowered into the well may also be effective. The fines washed 
into the screen during this process can then be bailed or pumped from the well. 

6.0 RECORDS 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of 
all backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double­
cased), as a cased well in bedrock, or as an open hole in bedrock. 

019611/P Tetra Tech 
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The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such 
as a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill 
materials. Any problems with rig operation or down-time shall be recorded and may affect the driller's 
final fee. 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 
Potentially-Deteriorating Type of Casing Material 
Substance 

PVC 1 Galvanized Carbon Lo-carbon Stainless Stainless Teflon* 
Steel Steel Steel Steel304 Steel316 

Buffered Weak Acid 100 56 51 59 97 100 100 
Weak Acid 98 59 43 47 96 100 100 
Mineral Acid/ 100 48 57 60 80 82 100 
High Solids Content 
Aqueous/Organic 64 69 73 73 98 100 100 
Mixtures 
Percent Overall Rating 91 58 56 59 93 96 100 

Prelimina!Y Ranking of Rigid Materials: 

1 Teflon7 5 Lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304 7 Carbon Steel 
4 PVC 1 

* Trademark of DuPont 
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENn 

Potentially- Type of Casing Material 
Deteriorating 
Substance 

PVC pp PE PE PMM Viton7* Silicone Neoprene Teflon7* 
Flexible Conv. Linear 

Buffered Weak Acid 97 97 100 97 90 92 87 85 100 
Weak Acid 92 90 94 96 78 78 75 75 100 
Mineral Acid/ 100 100 100 100 95 100 78 82 100 
High Solids Content 
Aqueous/Organic 62 71 40 60 49 78 49 44 100 
Mixtures 
Percent Overall 88 90 84 88 78 87 72 72 100 
Rating 

Prelimina!Y Ranking of Semi-Rigid or Elastomeric Materials: 

1 Teflon7 5 PE Conventional 
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM) 
3. PVC Flexible/PE Linear 7 Silicone/Neoprene 
4 Viton7 

* Trademark of DuPont 

Source: Barcelona et al., 1983 
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4 01/2012 

ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic Stainless Steel PVC 

. 
Strength Use in deep wells to prevent Use when shear and compressive . 

compression and closing of strength are not critical. 
screen/riser. 

Weight Relatively heavier. Light-weight; floats in water. 
Cost Relatively expensive. Relatively inexpensive. 
Corrosivity Deteriorates more rapidly in corrosive Non-corrosive -- may deteriorate in 

water. presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the 
field. field. 

Preparation for Should be steam cleaned if organics Never use glue fittings -- pipes should 
Use will be subsequently sampled. be threaded or pressure fitted. Should 

be steam cleaned when used for 
monitoring wells. 

Interaction with May sorb organic or inorganic May sorb or release organic 
Contaminants* substances when oxidized. substances. 

* See also Attachment A. 
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BORING LOG FOR: 
PROJECT NO.: 
LOGGED BY: 
DRILLED BY (Company/Driller): 
GRD. SURFACE ELEVATION: 

Tank Farm 3, CTO WE59 

  

BORING NO.: 
START DATE: 
COMPLETION: DATE: 
MON. WELL NO.: 
CHECKED BY: 

 

112G02710 

   

 

TRANSCRIBED BY: 

  

    

 

ELEVATION FROM: 

  

      

DEPTH 
(FEET) 

BLOWS 
PER 

6" 

SAMP 
REC. 

/ 
SAMP 
LENG. 

SAMPLING 
TIME 

& 
SAMPLE NO. 

(QA/QC STATUS) 

DEPTH 
MAT'L 
CHG./ 
WELL 

PROF'L 

SOIL 
DENSITY/ 
CONSIS. 
or ROCK 

HARD. 
CLR 

MATERIAL 
CLASSIFICATION 

USCS 
Or 

ROCK 
BRKN 

REMARKS 
(moisture condition; 

odors; geological 
classification; rock 
weathering; etc.) 

FIELD 
SCREENING 

DATA 
METHOD = 
[FID, (PPM)] 

TYPE OF DRILLING RIG: Tetra Tech NUS, Inc. 
METHOD OF ADVANCING BORING: 
METHOD OF SOIL SAMPLING: 
METHOD OF ROCK CORING: 
GROUNDWATER LEVELS: 
OTHER OBSERVATIONS: 	 BORING NO.: PAGE: 	1 	OF 	1 

TtNUS Form 0018 



PHOTOIONIZATION DETECTOR FIELD CALIBRATION LOG TETRA TECH NUS, INC. 

Serial No.: 	 Model No.: 	 Decal No.: 

Site Name/Location: 	Tank Farm 3 — NAVSTA Newport Newport, RI 	 Tetra Tech NUS Charge No.: 112G02710 / CTO WE59 

CALIBRATION 
DATE 

STANDARD GAS- 
ISOBUTYLENE 

(AM) 

CALIBRATION READING 
Isobutylene Equiv. (ppm) 

(PM) 

CALIBRATION CHECK 
Isobutylene Equiv. (ppm) 

SIGNATURE COMMENTS 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # __  
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM: 

PM: Conc. = 	 ppm 

Lot # 
/ 

AM:  

PM: Conc. = 	 ppm 

TtNUS Form 0006 



TETRA TECH NUS, INC. FIELD INSTRUMENT CALIBRATION LOG 0 
SITE NAME: 

INSTRUMENT 

SERIAL 

Tank Farm 3 NAVSTA Newport, Newport, RI 

MODEL No • NAME LaMotte Turbidimeter 

No.: 	 DECAL No.: 	 TETRA TECH NUS CHARGE No. 112G02710 / CTO WE59 

DATE 
INITIAL READING 
 (AM) — - PROCEDURE 

FINAL READING 
(PM Cal Check) SIGNATURE COMMENTS 

0 NTU 10 NTU 
(span) 

Per Manufacturer's 
Instruction 0 NTU 10 NTU 

(span) 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction / 
AM: 
PM: 

 

/ 
Per Manufacturer's 

Instruction / 
AM:  
PM: 

/ 
Per Manufacturer's 

Instruction i 
AM: 
PM: 

/ 
Per Manufacturer's 

Instruction / 	_ 
AM: 
PM: 

Mod.TtNUS Form 0007 



it TETRA TECH NUS, INC. 	FIELD MODIFICATION RECORD 

Site Name: 	 Location: 

Project Number: 	 Task Assignment: 

To: 	 Location: 	 Date: 

Description: 

Reason for Change: 

Recommended Action: 

Field Operations Leader (Signature): 	 Date: 

Disposition/Action: 

Project Manager (Signature): 	 Date: 

Distribution: 	Program Manager: 	 Others as Required: 

Project Manager: 

Quality Assurance Officer: 

Field Operations Leader: 

Project File: 

TtNUS Form 0003 



YSI MULTIPARAMETER WATER QUALITY METER 
 CALIBRATION LOG 

Ell TETRA TECH NUS, INC.  

Site Name: 	TANK FARM 3 	 Decal Letter: 
Serial No: 

Job No: 	112G02710 
Model No: 

Instrument is calibrated in accordance with manufactures instructions 

ITIVINATAZIZE44t: 02NOZ2M2- :=141V, 2'7w&ZW7=c *5,,ISal. 

Date 
Conductivity 

pH 4.0 pH 7.0 pH 10.0 
Dissolved Oxygen 100% ORP Solution 

Temp ° C 
Barometric 

Pressure, mm of Hg Signature 1000 pS/cm DI check % sat. ppm Cell Temp mV © Temp 

am 

Pm 

notes: 

am 

Pm 

notes: 

am 

Pm 

notes: 

am 

Pm 

notes: 

am 

Pm 

notes: 

am 

Pm 

notes: 

am 

Pm 

notes: 

Calibration STD's 

NA 
Lot NEuxmpibr:s1 

I I 	 NA 	 I I 	NA 	I 



Project Site Name: 
Project No.: 

Tank Farm 3 
112G02710 

[ ] Domestic Well Data 
[X] Monitoring Well Data 
[ ] Other Well Type: 
[ ] QA Sample Type: 

Tetra Tech NUS, Inc GROUNDWATER SAMPLE LOG SHEET 

Page f 

Sample ID No.: 	 
Sample Location: 	 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
[ ] Low Concentration 
[ 	High Concentration 

Date: S.C. 	Temp. 
(mS/cm) 
	

(°C) 
Salinity 

(%) 

Other DO 
(mg/I) Time: 

Turbidity 

(N'TU) 

pH 
(S.U.) 

Color 

(Visual) 
Method: 

PURGE DATA 

pH S.C. Date: Volume Temp. Turbidity 	DO Salinity 	Other 

Method: 

Monitor Reading (ppm): 

Well Casing Diameter & Material 

Type: 

Total Well Depth (TD): 

Static Water Level (WL): 

One Casing Volume(gal/L): 

Start Purge (hrs): 

End Purge (hrs): 

Total Purge Time (min): 

Total Vol. Purged (gal/L): 

SMOKE::: '' ' ' p:TiopmfompAr  
Preservative Analysis Collected Container Requirements 

Signature(s): 

MS/MSD Duplicate ID No.: 



Ell TETRA TECH NUS, INC. MONITORING WELL PURGE DATA SHEET — 
"LOW STRESS" GROUNDWATER 

Site Name: Tank Farm 3 NAVSTA Newport, Newport, RI Tetra Tech NUS Charge No. 112G02710 	/ CTO WE59 Page 1 of 
Sample ID: 	 .  QC: _ 	 . (If applicable) 

Sample Method: Low Stress (flow) with Bladder Pump/Peristaltic pump 
PID BZ= 	/ W= 	/ PW= 	PPM. 	Field Instrument Group A/B/C/D 

Pre-tubing insertion WL 	ft btor; 	Post tubing insertion WL 	ft btor Depth Sampled: 	 ft bgs 	Screen Int. Depth 	 ft bgs 

Analyte 	 Preservative 	Container requirements 	Collected 
Sample Date & Time:_ / 	/2011 	hours 	(Dup Time) 
Sampler(s): 
Data Recorded By: 	 Signature: 

Yes / No 

Yes / No 

Well Diameter/Total Depth 	 (ft below TOR); Stickup 	; Yes / No 

Yes / No • Visual Evidence of Sheen (Yes/No)  
Olfactory Evidence of Odor (Yes/No) 

Clock Time 
24hr 

Water Depth 
(ft below 

TOR) 

Pump Dial 1 Purge Rate 
ml/min 

Cum. Volume 
Purged 
Gals. 

Temp 

°C 

S. Cond. 2 
pS/cm 

DO 
mg/L 

pH 
(S.U.) 

ORP 
mV 

Salinity 
(ppth) 

Turbidity 
(NTU) 

Comments 

TtNUS Form 0009 (modified) 

1. Pump dial setting (for example: hertz, cycle/min, etc.) 
2. Siemens per cm (same as umhos/cm) at 25 °C. 
3. Oxidation reduction potential (stand in for Eh). 

Well or Saturated Screen Volume (gallons) 	 . 2in Screen Volume = 0.163 gal/ft or 616 ml per foot. 
BZ=Breathing Zone, W=Well, PW=Purge Water 



fini)  TETRA TECH NUS, INC. MONITORING WELL PURGE DATA SHEET - 
"LOW STRESS" GROUNDWATER 

Site Name: Tank Farm 3 — RI NAVSTA Newport, Newport, RI Tetra Tech NUS Charge No. 112G02422 	/ CTO WE59 Page 2 of 
Sample ID: 

Clock Time 
24hr 

Water Depth 
(feet below 

TOR) 

Pump Dial 1 Purge Rate 
ml/min 

Cum. Volume 
Purged 
Gals. 

Temp 

°C 

S. Cond. 2 
pS/cm 

DO 
mg/L 

pH 
(S.U.) 

ORP 
(my) 

Salinity 
(ppth) 

Turbidity 
NTU 

Comments 

TtNUS Form 0009 (modified) 
1. Pump dial setting (for example: hertz, cycle/min, etc.) 
2. Siemens per cm (same as umhos/cm) at 25 °C. 
3. Oxidation reduction potential (stand in for Eh). 



Tetra Tech NUS, Inc. 	QA SAMPLE LOG SHEET 

Page of 

Project Site Name: 	TANK FARM 3 	Sample ID Number: 
Project Number: 	112G02710 	Sampled By: 
Sample Location:   C.O.C. Number: 
CIA Sample Type: 

[ ] Trip Blank 
[ ] Source Water Blank 

(Field Blank} 

[ ] Rinsate Blank 
[ ] Other Blank 

 

  

SAMVNGi ' 

[ I Laboratory Prepared 
	

[ ] Tap 
[ ] Purchased 
	

[ Fire Hydrant 
[ I Other 

:: r3i ree or Rim ate l.Yater 

Date: 
Time: 
Method: 	Direct Pour 

Product Name: Reagent Grade Water (DIUF) 

Supplier: 
Manufacturer: 	 
Order Number: 	 
Lot N umber: 	 
Expiration Date: 

Media Type: 

Equipment Used: 
Equipment Type: 

[ ] Dedicated 
[ ] Reusable 
[ ] Disposable 

FO RMATI SAMPLE  

VOC 
Analysis Preservative Container Requirements Collected 

YES/NO 
EDB YES / NO 
PAH YES/NO 
Metals YES / NO 
Dioxins YES/NO 

ERvATioNS 

Signature(s): 



Time Estimated Purge 
Rate 

mUmin 

Cumulative 
Water Volume 

(Gal.) 

Water Level 
Readings 

(Ft. below TOC) 

Temperature 
(Degrees C) 

pH Specific 
Conductance 
(Units 	) 

Turbidity 
(NTU) 

Remarks (odor, color, etc.) 

(wit Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD 	 Page of 

Well: 	 Depth to Bottom (ft.): 	 Responsible Personnel: 	  

Site: 	Tank Farm 3 	Static Water Level Before (ft.): 	  Drilling Co.: 	  

Date Installed: 	 Static Water Level After (ft.): 	  Project Name:  Data Gaps Assessment Tank Farm 3 CTO WE 59  

Date Developed: 	 Screen Length (ft.): 	 Project Number: 	112G02710-  

Dev. Method: 	 Specific Capacity: 	  

Pump Type: 	 Casing ID (in.): 	  



Page 	of 

0 TETRA TECH NUS, INC. SAMPLE LOG SHEET - SOLID PHASE 

Site Name: 	 Tetra Tech NUS Charge No. 
Sample ID: 	 QC Information: 	 (if applicable) 

Sample Method: TYPE OF SAMPLE: (Check all that apply) 

Soil 	 Trip Blank* 
 

Depth Sampled: 	 feet 

Sample Date & Time: 	/ 	/ 	 hours 	Dup 	hours 
Sediment 	 Rinsate Blank* 

Sampler(s): Lagoon/Pond 	Field Duplicate collected 
Grab 	 Other (Specify): 

Data Recorded By: 
Description: (Sand, Clay, Muck, Peat, Dry, Moist, Wet, Etc.) Signature 

PID/OVA Monitor Reading: 	 ppm 

SAMPLE DATA/REMARKS: 

ANALYSIS BOTTLE LOT Isb. NOTES/SKETCH: 

TtNUS Form 0005 



TETRA TECH NUS, INC. 

VOC SOIL SAMPLE COLLECTION/PRESERVATION LOG SHEET 

Sample Container Lot # 	  Preserved in the field Date: 

 

   

LOW CONCENTRATION VOC HIGH CONCENTRATION LAB 

Sample # 
Bottle 
Letter 

Vial ID 
Number 

Volatile Free 
Water 

Tare Weight 
Vial + 5 mi H2O 

(g) 

Final Weight 
Vial + 1120 + 
Sample (g) 

Soil 
Sample 

Weight (g) 

Methanol 
(mL) 

Tare Weight 
Vial + 

Pres. (g) 

Final 
Weight (g) 

Soil 
Sample 

Weight (g) 

Final Weight 
Vial + Pres. + 

Sample (g) 

TtNUS Form 0040 

Note: Tare weight = vial, preservative, cap and magnetic stirrer, if applicable 

Laboratory Analysts Initials:  	Date: 	  



TO: 

SITE: 

DATES: 

FROM: 	 

JOB NO.: 

TO 

TETRA TECH NUS, INC. WEEKLY FIELD SUMMARY REPORT 

DAY/DATE: 
WEATHER: 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 

DAY/DATE: 	 WEATHER: 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 	  

DAY/DATE: 	 WEATHER: 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 	  

DAY/DATE: 	 WEATHER: 

TtNUS FORM 0016 
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WEEKLY FIELD SUMMARY REPORT (continued) 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 

DAY/DATE: 	 WEATHER 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 	  

DAY/DATE: 	 WEATHER: 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 

DAY/DATE: 	 WEATHER: 

PERSONNEL ONSITE: 

SITE ACTIVITIES: 

TtNUS FORM 0016 
	

PAGE 2 of 2 



WELL INSPECTION AND GROUNDWATER LEVEL 
MEASUREMENT SHEET 

"la TETRA TECH NUS, INC. 

WELL NUMBER: 	 PROJECT NAME: 

DATE/TIME: 	 PROJECT MANAGER: 

INSPECTED BY: 

VENT WELL 

MONITORING INSTRUMENT READING: 

LEU02 READING: 

WELL INSPECTION/GROUNDWATER LEVEL MEASUREMENT 

WELL DEPTH (FEET FROM TOP OF 

WATER LEVEL DEPTH (FEET FROM 

WELL STICK-UP 

CASING STICK-UP (FEET) 

WELL DIAMETER (INCHES) 

WELL CONSTRUCTION (PVC, STEEL, 

LOCKED UPON ARRIVAL? 

LOCKED REPLACED? 

OBSTRUCTIONS? 

WELL RELABELED? 

SLUG TEST CONDUCTED? 

GENERAL CONDITION/COMMENTS: 

PVC) 

TOP OF PVC) 

ETC.) 

YES 	NO 

YES 	NO 

YES 	NO 

YES 	NO 

YES 	NO (If YES, refer to "Hydraulic 
Conductivity Testing Data 
Sheet") 

TtNUS Form 0021 
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(-it) TETRA TECH NUS, INC. 	 RECORD OF REVIEW 

1. TITLE AS IT APPEARS ON THE DOCUMENT — (See Instruction #1 on reverse for definition of Documents): 

2. DATE OF DOCUMENT: 

TtNUS 

DOCUMENT 

SUBMITTAL 

CONTROL 

JOB CHARGE 

DATE 

No.: 

AUTHORS: No.: 

TYPE (DRAFT, DRAFT FINAL, FINAL): 

3. REVIEWER AND STATUS 	REVIEWERS ASSIGNED BY: 	 Date 

Assigned Reviewer 
(See Instruction #3) 

Disapproval Approved with 
Suggestions 

Reviewer Requires Final 
Verification 

Approved By 

(Initials) (Date) (Initials) 	I (Date) (Initials) (Date) (Initials) (Date) 

a)  

b)  

c)  

d)  

4. COMMENTS (Explain conditions and comments, or state where comments and edits are provided. Attach additional pages as needed): 

5. AUTHOR COMMENTS/RESOLUTION: 

6. APPROVAL FOR TRANSMITTAL: 

DATE: 
See #7 on Reverse for Authority to Approve Transmittals 

      

TtNUS Form 0001 (Revised 3/12/02) 
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made directly in the text of the document, and note in Section 4 that comments are in the draft document. Definition and 
actions for the Reviewers conditions in Section 3 are as follows: 

• Disapproval - Reviewer has serious problems with the document, and document should not be issued without major 
changes. Typically, these problems include perceived errors in fact or interpretation, incorrect assumptions, technical 
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Place your initials in the Disapproval column and fill in disapproval date. Since this category should be used for 

serious problems, the reviewer should immediately discuss the issues with the author(s) for resolution, in 
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8) A copy of the review form should be filed along with the document. The original record of review form should be filed in the 
following file sections: 

RAC 	Program File -0310 	 Wilmington Overhead 1052-0520 
Navy 	Project File XXXX-2.7 	 Miscellaneous Projects 	 )000(-5.3 
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Product Name: Media Type: 
Supplier: Equipment Used: 
Manufacturer: Equipment Type: 
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0 Reusable 

Order Number: 	• 
Lot Number: 
Expiration Date: 
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Analysis Preservative Container Requirements Collected 

Volatiles Cool 4°C & HCI YES / NO 
Semivolatiles Cool 4°C . YES / NO 
Pesticide / PCB Cool 4°C YES / NO 
Metals Cool 4°C & HNO3 YES / NO 

Cyanide Cool 4°C & NaOH YES / NO 
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Site Name: 	 Tetra Tech NUS Charge No. 
Sample ID: 	 QC Information: 	 (if applicable) 

Sample Method: TYPE OF SAMPLE: (Check all that apply) 

Soil 	 Trip Blank* 
 

Depth Sampled: 	 feet 

Sample Date & Time: 	/ 	/ 	 hours 	Dup 	hours 
Sediment 	 Rinsate Blank* 

Sampler(s): Lagoon/Pond 	Field Duplicate collected 
Grab 	 Other (Specify): 

Data Recorded By: 
Description: (Sand, Clay, Muck, Peat, Dry, Moist, Wet, Etc.) Signature 

PID/OVA Monitor Reading: 	 ppm 

SAMPLE DATA/REMARKS: 

ANALYSIS BOTTLE LOT Isb. NOTES/SKETCH: 

TtNUS Form 0005 
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APPENDIX D 
PROJECT-SPECIFIC SAMPLING PROCEDURES 

 

Soil, groundwater and sediment sampling, and well development, will be performed at Tank Farm 3 

according to the SOPs listed in Worksheet # 21. 

 

Quality control (QC) samples will be collected as part of the investigation, including field duplicates, 

rinsate blanks, and trip blanks. Samples will also be assigned on the chain-of-custody (COC) form for 

laboratory QC analyses. Worksheet #20 summarizes the QC samples to be collected for each matrix.  

 

The sample locations are presented on Figures 3 through 5 and on Worksheet #18. Worksheet #18 also 

presents the analytical groups for each sample location.  Worksheet #19 presents the analytical methods, 

sample container types, preservative requirements, and the maximum holding times for the associated 

analyses.  

 

Samples will be identified in accordance with the sample location identification system presented in 

Worksheet #27.  All laboratory analytical samples will be kept on ice in coolers and will be shipped with 

appropriate QC samples. Samples will be handled and delivered in accordance with the COC procedures 

detailed in Worksheet #27. 

 

1.0 SOIL SAMPLING PROCEDURES 
 

For this DGA soil borings will be advanced at three AOCs (AOC-001, AOC-020 and Building 227) within 

Tank Farm 3 at the locations depicted on Figures 3 through 5.  At each AOC soil borings will be advanced 

for continuous soil sampling to a depth of 10 feet below ground surface, or bedrock.  A variety of drilling 

techniques may be used depending on the conditions encountered at the site.  Direct push technology, 

hollow-stem auger and/or drive and wash drilling techniques will be implemented.      

 

Drilling will be performed by a subcontractor according to the procedures in SOP SA-2.5, for direct push 

technology and/or SOP and/or GH-1.3 for Soil and Rock Drilling Methods.  All down-hole drilling 

equipment will be steam-cleaned before use at each boring.  Continuous soil samples will be retrieved at 

2-foot intervals throughout the length of the boring using a 2-inch ID, stainless steel split-barrel sampler 

for conventional drilling techniques.  For direct-push, a 2-inch ID, 4 or 5-foot long, stainless steel, macro-

core sampler with an inner acetate liner will be used to collect the soil samples.  All required information 

will be recorded on the boring log, in accordance with SOP GH-1.5 and the procedures described below.   
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Soil samples will be collected for laboratory analysis from the soil cores in accordance with SOP SA-1.3 

using the procedures described below. From every soil boring one surface soil sample (0-1 foot) and one 

subsurface soil sample will be collected for laboratory analysis. The depth intervals for subsurface soil 

samples at AOC-020 and Building 227 will be determined as described in Worksheet #17. The depth 

intervals for subsurface soil samples at AOC-001 will be determined as described below. At AOC-001, 

soil samples will be analyzed for extractable total petroleum hydrocarbons (ExTPH), gasoline range 

organics (GROs), VOCs, PAHs, dioxins and metals.  At AOC-020, soil samples will be analyzed for 

PCBs.  At Building 227 soil samples will be analyzed for ExTPH, GRO, PCBs and metals.  (See 

Worksheet #18 for details.) The boring log will act as the sample log sheet for samples collected.  

 

For each continuous 2-foot interval, the split-barrel sampler or acetate liner will be opened, visually 

inspected, and scanned with a photo-ionization detector (PID) portable monitoring instrument.  At AOC-

001 and B227 borings, a grab sample first will be collected from the most heavily contaminated portion of 

the surface soil interval sample (0-1 foot bgs) and each 2-foot subsurface soil interval sample (2-10 feet 

bgs), based on the initial screening results and/or visual and olfactory observations. From each grab 

sample, the following aliquots will be collected: 

 

 One grab sample aliquot will be collected according to the sampling procedures described below 

for volatile samples and stored for laboratory VOC and/or GRO analysis (surface soil interval) or 

stored temporarily for possible laboratory VOC and/or GRO analysis (subsurface soil intervals).   

 One grab sample aliquot will be collected for jar-headspace total VOC analysis, performed in the 

field.  

 One grab sample aliquot will be collected for determination of percent moisture (see procedures 

below).  

 

The remainder of each soil interval sample will be kept for possible laboratory analysis for the non-volatile 

parameters. (The 1-2 feet bgs soil interval will be discarded unless the initial screening results or 

observations indicate that a grab sample should be collected. If a grab sample is collected, then the 

subsequent continuous 2-foot intervals will begin at 1-foot bgs.) After all the soil cores have been 

recovered from a borehole and grab sample aliquots collected, a subsurface soil 2-foot interval sample 

will be selected for laboratory analysis based on the jar headspace screening results and/or visual and 

olfactory observations.  

 

At AOC-001 and B227 boreholes, the remainder of the soil from the 1-foot surface soil or selected 2-foot 

subsurface soil sample interval will be uniformly hand mixed to form a composite sample and split into 

aliquots for the remaining non-volatile analyses (DRO, PAHs, metals, and dioxins).  
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At AOC-020 borings, the entire contents of each 1-foot surface soil or selected 2-foot subsurface soil 

sample interval will be similarly mixed and split into aliquots for PCB analysis.  For these aliquots, the 

sampling procedures below for non-volatile parameters will be followed.   

 

Soil Sampling Procedures for Volatile Laboratory Samples (Grab) 

 

Each soil sample for possible volatile analysis (VOCs and GRO) will be collected using a cut syringe or 

equivalent device. VOC aliquots will be placed in two sodium bisulfate (NaHSO4)-preserved vials with 

septa caps and one methanol-preserved vial with a septa cap, according to the SW-846 Method 5035A 

(July 2002).  GRO aliquots will be placed in two methanol-preserved vial with a septa cap.  The vials will 

be maintained at ≤ 6 °C for up to 14 days.  The following procedures should be followed for the soil 

volatile sample collection: 

 

1. Label two pre-tare weighed 40-mL amber vials containing  1 g sodium bisulfate in 5 mL of reagent 

water, and one 40-mL amber vial containing 5 mL of methanol for the VOC aliquots with the 

sample location number and a bottle letter such as A, B, etc.  

 

2. Label two pre-tare weighed 40-mL amber vials containing 5 mL of methanol for the GRO aliquots 

with the sample location number and a bottle letter such as A, B, etc.  

 

3. Collect approximately 5 grams of sample by coring or stabbing the soil with a 10-mL pre-cut 

syringe.  Extrude the sample into one of the 40-mL vials containing 5 mL of preservative (bisulfate 

in reagent water, or methanol).  The soil must be immersed in the preservative; recollect the 

sample using a smaller volume if necessary.  Avoid touching the threads on the vial’s neck and 

avoid loss of preservative by evaporation.  Cap the vial and invert it several times to mix the 

sample.   
 

4. Weigh each sample vial to the nearest 0.01 gram and record the weight on the field log sheet.  

Repeat the sample collection procedure for the remaining vials.  Pack and ship to the laboratory.  

Include the field log sheet containing the sample weight information with the samples. 

 

5.  If non-aqueous phase liquids (NAPL) is noted within the soils, a reduced volume of 

approximately 1 to 2 grams should be collected as a separate “medium concentration” (NAPL) 

sample.  
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Quality assurance and quality control samples will also be collected, see Worksheet #20 for details.  

Following the collection of the first set of volatile containers, collect the field duplicate from the same 

sampling interval.   

 

Every effort should be made to obtain the percent moisture soil aliquot (see below) as close as possible 

to the location where the volatile sample was collected. 

 

Soil Sample for Percent Moisture   

 

Fill one 2-oz container with soil representing the same locations where the 40-mL volatile vial samples 

were collected.  Every effort should be made to obtain the percent moisture soil aliquot as close as 

possible to the location where the volatile samples were collected. 

 

Soil Sampling Procedures for Non-VOC Parameters 

 

1. Record all required data on the boring log, which will also serve as the soil sample log sheet.  

Include the sampling equipment, sampling personnel, date, time, depth of sample, and sample 

analyses.  Use the boring log to record soil descriptions, depth of strata changes, and sample 

depth intervals.  Classify the soil sample visually using the Unified Soil Classification System 

(ASTM D-2488-98). 

 

2. Label appropriate sample jars with the sample location number, sampler’s name, date, and 

analytical fractions.  

 

3. Transfer the soil from the sampler to a decontaminated stainless-steel bowl using only 

decontaminated stainless steel trowels, and homogenize the sample.  

 

4. If there is insufficient sample volume to fill all the containers for analyses, an equal amount of 

material from the intervals immediately above and below the selected sample interval may be 

used to supplement the composite sample to ensure sufficient sample quantity for all analyses.  

Alternatively, a second boring immediately adjacent to the original boring could be advanced to 

the desired depth to obtain additional sample volume.  Document the method used in the boring 

log. 

 

5. Remove any large particles such as twigs, gravel or artificial fill too large to be sent for analysis.  

Document the removal of material on the boring log.  
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6. Fill the appropriate sample containers with the soil sample.  

 

7. For field duplicate samples, after homogenization, fill one set of sample containers for the original 

sample and fill another set for the field duplicate sample. 

 

8. Ensure that the samples are properly labeled, maintained in coolers with ice, and that the COC 

procedures described in Worksheet 27 are followed.  Package and ship the sample coolers to the 

appropriate laboratory for overnight delivery.   

 

9. Decontaminate the sampling equipment before reuse. 

 

Care should be taken in handling all soil samples to ensure that the exterior of the sample containers are 

clean and free of soils before shipping to the laboratory.  

 

2.0  MONITORING WELL DEVELOPMENT  

 
Each monitoring well that is scheduled for sampling will be redeveloped before sampling occurs. Wells 

will be developed using a pump and surge method with a Waterra pump and foot valve, until the turbidity 

reaches 10 Nephelometric Turbidity Units (NTUs) or 2 hours of well development elapses (whichever 

occurs first).  Any well that dries up during development, even at lower pumping rates, will be evacuated 

dry a minimum of 3 times, after a 90% recharge, to consider development complete.  A minimum of 1 

week shall elapse after well development before collecting groundwater samples. 

 

 

3.0  GROUNDWATER SAMPLING 
 
A total of four groundwater samples will be collected from Tank Farm 3, one at each AOC.  

 

 GZ-301 (AOC-001) will be sampled for VOCs, EDB, PAHs, and metals, 

 GZ-314 (AOC-020) will be sampled for PCBs, 

 Lastly, GZ-318 and a new shallow monitoring well installation (TF3-ECH-MW01), located in the 

electrical control house area (Building 227) will be sampled for PCBs and metals. 

 

The groundwater samples will be collected following EPA’s “low flow sampling protocol” (SOP GW 0001). 

This protocol will be modified for collection of groundwater samples from saturated well screens greater 

than 10 feet (described below). This method emphasizes the need to minimize water-level drawdown and 

groundwater pumping rates in order to collect samples with minimal alterations to groundwater chemistry.  
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Water level measurements will be obtained using an electronic water level indicator with a weighted cord 

that is accurate to 0.01 feet.  In addition, an oil/water interface probe will be used to identify the potential 

presence of non-aqueous phase liquid (NAPL) in each well.  If NAPL is present, its thickness in the well 

should also be measured using the probe.  Water level measurements in wells will be recorded from the 

surveyed measuring point at the top of the inner well casing.  The electronic water level indicator will be 

decontaminated between each well, following the procedure out lined in SOP SA 7.1 (Appendix A).  If 

NAPL is present in a sufficient amount it will be sampled following the procedures outlined in Section 4 of 

this Appendix (E.2). 

 

Submersible bladder pumps with polyethylene bladders will be used for low-flow groundwater sampling. 

Dedicated pumps may be used; non-dedicated pumps will be decontaminated between each well in 

accordance with this UFP SAP and SOP SA 7.1.  The pumping system will be designed to be consistent 

with the intent of the low-flow groundwater sampling method.  Dedicated tubing will be used for each 

monitoring well to minimize cross-contamination between monitoring wells.   

 

During well purging, water level drawdown, flow rate, and water quality parameters will be recorded on 

groundwater collection forms.  Groundwater will be pumped through a flow-through cell and the pH, 

conductivity, temperature, dissolved oxygen (DO), and oxidation-reduction potential (ORP) will be 

measured with a water-quality instrument.  The instrument will be calibrated as described in Worksheet 

#22, in accordance with manufactures instructions.   Turbidity will be measured separately with a 

nephelometer.  Every effort will be made to lower the turbidity to less than 5 Nephelometric Turbidity Units 

(NTUs) before sampling.  If turbidity below 5 NTU cannot be achieved, samples will still be collected if all 

parameters are stable and the 2-hour purging limit is reached.  Purging is considered complete and 

sampling may begin when all parameters have stabilized.  Stabilization is considered to be achieved 

when three consecutive readings, taken at 3- to 5-minute intervals, are within the following limits: 

 

 - Turbidity (+ or – 10% if greater than 5 NTU);  

 - DO (10% for values greater than 2 mg/L; 0.5 mg/L for values less than 2 mg/L); 

 - Specific conductance (3%); 

 - Temperature (3%); 

 - pH (+ or - 0.5 units); 

 - ORP (+ or - 10 millivolts); and 

 - Drawdown (no more than 0.3 feet). 

 

EPA Region 1 low flow sampling procedure is modified for monitoring wells with saturated screen lengths 

greater than 10-ft.  The modifications are described below. 



 L - 2 - 7  

 

Saturated screen lengths greater than 10 feet but not more than 20 feet: 

 

The purging and sampling of monitoring wells with saturated screen lengths greater than 10 but not more 

than 20 feet will be performed using the following modifications:   

 

1. Place the tubing about 1 foot below the top of the screen, or about 1 foot below the static water 

level if the screen is not fully saturated. 

2. Pump well at a low flow rate to minimize drawdown (goal: not more than 0.3 feet). 

3. Extract one saturated screen volume including drawdown volume. 

4. Begin monitoring stabilization parameters and continue purging until stabilization criteria are met 

5. Collect groundwater samples. 

 

After 2 hours if the purging/stabilization process is not complete, the FOL will consult with the Project 

Manager who will make the determination to continue or to collect the groundwater sample at that time.  If 

the purging/stabilization process is not complete (after a minimum of 2 hours) prior to sampling, the data 

from that sample will be qualified with information regarding which parameters did not meet the 

stabilization criteria. The reason for terminating the sampling at 2 hours will be noted on the sample 

collection form. 

 

Monitoring wells that have saturated well screen lengths greater than 20 feet 

 

The purging and sampling of monitoring wells that have saturated well screen lengths greater than 20 feet 

will be performed using the following modifications: 

 

1. Place the tubing about 1 foot below the top of the screen, or about 1 foot below the static water 

level if the screen is not fully saturated. 

2. Remove three well saturated screen volumes including drawdown volume.  During purging adjust 

pumping rates to maintain water level above the top of the screen (if static water level is above 

top of screen). 

3. Begin monitoring stabilization parameters and continue purging until stabilization criteria are met. 

4. Collect groundwater sample. 

 

After 2 hours if the purging/stabilization process is not complete, the FOL will consult with the Project 

Manager who will make the determination to continue or to collect the groundwater sample at that time.  If 

the purging/stabilization process is not complete (after a minimum of 2 hours) prior to sampling, the data 

from that sample will be qualified with information regarding which parameters did not meet the 
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stabilization criteria. The reason for terminating the sampling at 2 hours will be noted on the sample 

collection form. 

 

If difficulties arise during low stress (low flow) sample collection procedures (i.e. minimum drawdown is 

not obtainable, it can be documented that the well is not yielding fresh water despite the drawdown, or 

water chemistry readings do not show a stabilization pattern), affected wells may be sampled using a 

bailer or a peristaltic pump.  In the event that the recovery time of the well is very slow (e.g., 24 hours), 

sample collection can be delayed until the following day. If the well is incapable of producing a sufficient 

volume of sample at any time, obtain the largest sample quantity available and record the quantity in the 

logbook.  Any and all problems encountered during purging and sampling will be recorded in the site 

logbook.  Sufficient information will be documented to support all field decisions.  Deviations will be 

discussed with the Project Manager to determine the appropriate next step. Any significant deviation from 

the sampling protocol shall be proposed in a Field Modification Record. 

 

If turbidity is below 10 NTUs, then one groundwater sample will be collected for metals analysis and that 

sample will represent total metals concentrations. If turbidity cannot be reduced to below 10 NTUs, 

following the low-flow stabilization protocol, then two samples for metals analysis will be collected: one for 

total metals analysis (unfiltered), and the other sample field filtered (0.45 micron pore size) for dissolved 

metals concentrations.   

 

Groundwater Sample Collection for Laboratory Analysis 

 

Groundwater samples for laboratory analyses must be collected before the water has passed through the 

flow-through cell; therefore, the discharge tubing will be disconnected from the flow-through cell and the 

in-line device will be used to directly collect aliquots for sample analyses.  

 

Sample containers will be filled in order of decreasing volatility: VOCs, EDB, PAHs and metals. Care 

should be taken in handling all groundwater samples to ensure that the exterior of the sample containers 

are clean and free of liquids before shipping.   

 

4.0  SEDIMENT SAMPLING 
 
Final sample locations will be determined in the field in order to target depositional areas, or areas with 

visual evidence of contamination. 

 

Sediment samples will be collected in a downstream to upstream order, so as to not disturb downstream 

locations before they are sampled.  Samples will be collected using a decontaminated stainless steel 
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hand auger.  Sediment samples will be analyzed for VOCs, GRO, ExTPH, PAHs, dioxins and metals, and 

samples will not be collected during, or within 24 hours of a major rain event. 

 

Samples for VOC and GRO analysis will be collected directly from the hand auger following the 

procedures described above in Soil Sampling for Volatile Laboratory Samples.  Once sediment for VOC 

and GRO analysis has been collected the remaining sediment in the auger bucket will be transferred to a 

stainless steel pan and homogenized; sediment will then be sampled following the procedure described 

above in the Soil Sampling Procedure for Non-Volatile Laboratory Samples.  The appropriate sample jars 

will be filled and labeled, and then placed on ice. 

 

5.0  MONITORING WELL CONSTRUCTION AND DEVELOPMENT  

 
One new groundwater well, will be installed according to the procedures in SOP GH-2.8. The borings will 

be advanced using drilling techniques, as specified above.  Continuous split spoon samples will be 

collected during advancement in order to characterize soils. 

 

The newly installed well will consist of a 2-inch ID Schedule 40 PVC equipped with a minimum 10-foot 

long well screen, (typically 0.010 to 0.020 inch slot openings), surrounded by 20-40 grade silica sand, and 

a bottom plug.  A 5-foot long well screen is acceptable if the geologic unit thickness is less than 10 feet.  

All connections will be flush-treaded.  Silica sand shall be placed 2 feet above the top of the well screen, 

followed by a minimum of 2 feet of bentonite rock chips hydrated in place.  Cement/ bentonite grout will fill 

the remainder of the annular space to approximately 3.5 feet bgs.  A 6-inch sand drainage layer shall be 

placed on top of the grout.  A steel protective casing (4-inch diameter by 5-ft long) will be centered around 

the well. Quikrete™ (or equivalent) will be used to fill the annular space above the sand drainage layer 

and form a pad around the well to a minimum radius of 1 foot. The top of the well pad shall be flush with 

ground surface.  Silica sand shall be placed between the well and the protective casing.  The protective 

casing will be painted in a rust-preventive paint and secured with a padlock.  

 

The new monitoring well will be developed no sooner than 48 hours after well completion.  Any existing 

wells that are scheduled to be sampled and have not been developed within the last twelve months will 

be re-developed before sampling.  Wells will be developed using a pump and surge method with a 

Waterra™ inertial pump and foot valve, until the turbidity reaches 10 NTUs or 2 hours of well 

development elapses (whichever occurs first).  Any well that dries up during development, even at lower 

pumping rates, will be evacuated dry a minimum of 3 times, after a 90% recharge, to consider 

development complete.  A minimum of 1 week shall elapse after well development before collecting 

groundwater samples.   

 



APPENDIX E 
 

LABORATORY CERTIFICATION AND SOPs 



                          
Certificate of Accreditation 

 

   ISO/IEC 17025:2005                Certificate Number L2223 

Katahdin Analytical Services, Inc. 
600 Technology Way 

Scarborough ME 04074 
 

has met the requirements set forth in L-A-B’s policies and procedures, all requirements of ISO/IEC 17025:2005 
“General Requirements for the competence of Testing and Calibration Laboratories” and the U.S. Department of 
Defense Environmental Laboratory Accreditation Program (DoD ELAP).* 
 
The accredited lab has demonstrated technical competence to a defined “Scope of Accreditation” and the operation 
of a laboratory quality management system (refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009). 

 
Accreditation valid through: February 1, 2016  
 
 

                                                                                                                                            
 

                
                     R. Douglas Leonard, Jr., President, COO   

                                                      Laboratory Accreditation Bureau 
                                             Presented the 1st of February 2013 
*See the laboratory’s Scope of Accreditation for details of accredited parameters 
**Laboratory Accreditation Bureau is found to be in compliance with ISO/IEC 17011:2004 and recognized by ILAC (International Laboratory Accreditation Cooperation) and NACLA (National Cooperation for Laboratory Accreditation).   

 
® 

® 
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Scope of Accreditation 
For 

Katahdin Analytical Services, Inc. 
 

600 Technology Way 
Scarborough, ME 04074 

Leslie Dimond 
207-874-2400 

  
In recognition of a successful assessment to ISO/IEC 17025:2005 and the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in the DoD Quality Systems 
Manual for Environmental Laboratories (DoD QSM v4.2) based on the National Environmental 
Laboratory Accreditation Conference Chapter 5 Quality Systems Standard (NELAC Voted Revision  
June 5, 2003), accreditation is granted to Katahdin Analytical Services to perform the following tests: 
 
Accreditation granted through: February 1, 2016 
 
Testing - Environmental 

Non-Potable Water  

Technology Method Analyte 

GC/ECD EPA 8081B 2, 4`-DDD 

GC/ECD EPA 8081B 2, 4`-DDE 

GC/ECD EPA 8081B 2, 4`-DDT 

GC/ECD EPA 608; EPA 8081B 4, 4`-DDD 

GC/ECD EPA 608; EPA 8081B 4, 4`-DDE 

GC/ECD EPA 608; EPA 8081B 4, 4`-DDT 

GC/ECD EPA 608; EPA 8081B Aldrin 

GC/ECD EPA 608; EPA 8081B alpha-BHC (alpha-Hexachlorocyclohexane) 

GC/ECD EPA 8081B Alpha-Chlordane 

GC/ECD EPA 608; EPA 8081B beta-BHC (beta-Hexachlorocyclohexane) 

GC/ECD EPA 8081B Cis-Nonaclor 

GC/ECD EPA 608; EPA 8081B Chlordane (tech.) 

GC/ECD EPA 608; EPA 8081B delta-BHC 

GC/ECD EPA 608; EPA 8081B Dieldrin 

GC/ECD EPA 608; EPA 8081B Endosulfan I 

GC/ECD EPA 608; EPA 8081B Endosulfan II 
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Non-Potable Water  

Technology Method Analyte 

GC/ECD EPA 608; EPA 8081B Endosulfan sulfate 

GC/ECD EPA 608; EPA 8081B Endrin 

GC/ECD EPA 608; EPA 8081B Endrin aldehyde 

GC/ECD EPA 8081B Endrin Ketone 

GC/ECD EPA 8081B gamma-BHC (Lindane gamma-
Hexachlorocyclohexane) 

GC/ECD EPA 8081B gamma-Chlordane 

GC/ECD EPA 608; EPA 8081B Heptachlor 

GC/ECD EPA 608; EPA 8081B Heptachlor epoxide 

GC/ECD EPA 8081B Hexachlorobenzene 

GC/ECD EPA 8081B Methoxychlor 

GC/ECD EPA 8081B Mirex 

GC/ECD EPA 8081B Oxychlordane 

GC/ECD EPA 608; EPA 8081B Toxaphene (Chlorinated camphene) 

GC/ECD EPA 8081B trans-Nonachlor 

GC/ECD EPA 608; EPA 8082A Aroclor-1016 (PCB-1016) 

GC/ECD EPA 608; EPA 8082A Aroclor-1221 (PCB-1221) 

GC/ECD EPA 608; EPA 8082A Aroclor-1232 (PCB-1232)  

GC/ECD EPA 608; EPA 8082A Aroclor-1242 (PCB-1242) 

GC/ECD EPA 608; EPA 8082A Aroclor-1248 (PCB-1248) 

GC/ECD EPA 608; EPA 8082A Aroclor-1254 (PCB-1254) 

GC/ECD EPA 608; EPA 8082A Aroclor-1260 (PCB-1260) 

GC/ECD EPA 8082A MOD Aroclor-1262 (PCB-1262) 

GC/ECD EPA 8082A MOD Aroclor-1268 (PCB-1268) 

GC/ECD EPA 8082A 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl (BZ 206) 

GC/ECD EPA 8082A 2,2',3,3',4,4',5,6-Octachlorobiphenyl (BZ 195) 

GC/ECD EPA 8082A 2,2',3,3',4,4',5-Heptachlorobiphenyl (BZ 170) 

GC/ECD EPA 8082A 2,2',3,3',4,4'-Hexachlorobiphenyl (BZ 128) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5, 5'-Heptachlorobiphenyl (BZ 180) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5', 6-Heptachlorobiphenyl (BZ 183) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5-Hexachlorobiphenyl  (BZ 138)  

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 6, 6'-Heptachlorobiphenyl (BZ 184) 
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Non-Potable Water  

Technology Method Analyte 

GC/ECD EPA 8082A 2, 2', 3, 4', 5, 5', 6-Heptachlorobiphenyl (BZ 187) 

GC/ECD EPA 8082A 2, 2', 3, 4, 5'-Pentachlorobiphenyl (BZ 87) 

GC/ECD EPA 8082A 2, 2', 3, 5'-Tetrachlorobiphenyl (BZ 44) 

GC/ECD EPA 8082A 2, 2', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 153) 

GC/ECD EPA 8082A 2, 2', 4, 5, 5'-Pentachlorobiphenyl (BZ 101) 

GC/ECD EPA 8082A 2, 2', 4, 5-Tetrachlorobiphenyl (BZ 48) 

GC/ECD EPA 8082A 2, 2', 4, 5’-Tetrachlorobiphenyl (BZ 49) 

GC/ECD EPA 8082A 2, 2', 5, 5'-Tetrachlorobiphenyl (BZ 52) 

GC/ECD EPA 8082A 2, 2', 5-Trichlorobiphenyl (BZ 18) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4', 5-Hexachlorobiphenyl (BZ 156) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4', 5'-Hexachlorobiphenyl (BZ 157) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4'-Pentachlorobiphenyl (BZ 105) 

GC/ECD EPA 8082A 2, 3, 3’, 4, 4’, 5, 5’-Heptachlorobiphenyl (BZ 189) 

GC/ECD EPA 8082A 2, 3', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 167) 

GC/ECD EPA 8082A 2, 3', 4, 4', 5-Pentachlorobiphenyl (BZ 118) 

GC/ECD EPA 8082A 2, 3', 4, 4',5’-Pentachlorobiphenyl (BZ 123) 

GC/ECD EPA 8082A 2, 3', 4, 4'-Tetrachlorobiphenyl (BZ 66) 

GC/ECD EPA 8082A 2, 3, 4, 4’, 5-Pentachlorobiphenyl (BZ 114)  

GC/ECD EPA 8082A 2, 4, 4'-Trichlorobiphenyl (BZ 28) 

GC/ECD EPA 8082A 2, 4'-Dichlorobiphenyl (BZ 8) 

GC/ECD EPA 8082A 3, 3', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 169) 

GC/ECD EPA 8082A 3, 3', 4, 4', 5-Pentachlorobiphenyl (BZ 126) 

GC/ECD EPA 8082A 3, 3', 4, 4'-Tetrachlorobiphenyl (BZ 77) 

GC/ECD EPA 8082A 3, 4, 4’, 5-Tetrachlorobiphenyl (BZ 81) 

GC/ECD EPA 8082A Decachlorobiphenyl (BZ 209) 

GC/ECD EPA 8151A 2, 4, 5-T 

GC/ECD EPA 8151A 2, 4-D 

GC/ECD EPA 8151A 2, 4-DB 

GC/ECD EPA 8151A Dalapon 

GC/ECD EPA 8151A Dicamba 

GC/ECD EPA 8151A Dichloroprop 
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Non-Potable Water  

Technology Method Analyte 

GC/ECD EPA 8151A Dinoseb 

GC/ECD EPA 8151A MCPA 

GC/ECD EPA 8151A MCPP 

GC/ECD EPA 8151A Pentachlorophenol 

GC/ECD EPA 8151A Silvex (2, 4, 5-TP) 

GC/FID EPA 8015C/D MOD Diesel range organics (DRO) 

GC/FID EPA 8015C/D MOD Total Petroleum Hydrocarbon (TPH) 

GC/FID EPA 8015C/D MOD Gasoline range organics (GRO) 

GC/FID/PID MA DEP VPH Volatile Organic Hydrocarbons 

GC/FID MA DEP EPH Extractable Petroleum Hydrocarbons 

GC/FID CT ETPH Total Petroleum Hydrocarbons 

GC/FID TNRCC Method 1005 Total Petroleum Hydrocarbons 

GC/FID FL-PRO Petroleum Range Organics 

GC/ECD EPA 8011; EPA 504 1, 2-Dibromoethane (EDB) 

GC/ECD EPA 8011; EPA 504 1, 2-Dibromo-3-chloropropane 

GC/FID RSK-175 Methane Ethane Ethene  

GC/MS EPA 8260B/C; EPA 524.2 1, 1, 1, 2-Tetrachloroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 1, 1-Trichloroethane 

GC/MS EPA 624; 8260B/C; 
EPA 524.2 1, 1, 2, 2-Tetrachloroethane 

GC/MS EPA 8260B/C 1,1,2-Trichloro-1,2,2-trifluoroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 1, 2-Trichloroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 1-Dichloroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 1-Dichloroethene 

GC/MS EPA 8260B/C; EPA 524.2 1, 1-Dichloropropene 

GC/MS EPA 8260B/C; EPA 524.2 1, 2, 3-Trichlorobenzene 

GC/MS EPA 8260B/C; EPA 524.2 1, 2, 3-Trichloropropane 

GC/MS EPA 8260B/C 1,2,3-Trimethylbenzene 

GC/MS EPA 8260B/C; EPA 524.2 1, 2, 4-Trichlorobenzene 

GC/MS EPA 8260B/C; EPA 524.2 1, 2, 4-Trimethylbenzene 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8260B/C; EPA 524.2 1, 2-Dibromo-3-chloropropane 

GC/MS EPA 8260B/C; EPA 524.2 1, 2-Dibromoethane (EDB) 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 2-Dichlorobenzene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 2-Dichloroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 2-Dichloropropane 

GC/MS EPA 8260B/C 1,3,5-Trichlorobenzene 

GC/MS EPA 8260B/C; EPA 524.2 1, 3, 5-Trimethylbenzene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 3-Dichlorobenzene 

GC/MS EPA 8260B/C; EPA 524.2 1, 3-Dichloropropane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 1, 4-Dichlorobenzene 

GC/MS EPA 8260B/C 1, 4-Dioxane 

GC/MS EPA 8260B/C 1-Chlorohexane 

GC/MS EPA 8260B/C; EPA 524.2 2, 2-Dichloropropane 

GC/MS EPA 8260B/C; EPA 524.2 2-Butanone 

GC/MS EPA 624; EPA 8260B/C 2-Chloroethyl vinyl ether 

GC/MS EPA 8260B/C; EPA 524.2 2-Chlorotoluene 

GC/MS EPA 8260B/C; EPA 524.2 2-Hexanone 

GC/MS EPA 8260B/C; EPA 524.2 4-Chlorotoluene 

GC/MS EPA 8260B/C; EPA 524.2 4-Methyl-2-pentanone 

GC/MS EPA 8260B/C; EPA 524.2 Acetone 

GC/MS EPA 8260B/C Acetonitrile 

GC/MS EPA 624; EPA 8260B/C Acrolein 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Acrylonitrile 

GC/MS EPA 8260B/C; EPA 524.2 Allyl chloride 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Benzene 

GC/MS EPA 8260B/C Benzyl chloride 

GC/MS EPA 8260B/C; EPA 524.2 Bromobenzene 

GC/MS EPA 8260B/C; EPA 524.2 Bromochloromethane 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Bromodichloromethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Bromoform 

GC/MS EPA 8260B/C; EPA 524.2 Carbon disulfide 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Carbon tetrachloride 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Chlorobenzene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Chloroethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Chloroform 

GC/MS EPA 8260B/C Chloroprene 

GC/MS EPA 8260B/C; EPA 524.2 cis-1, 2-Dichloroethene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 cis-1, 3-Dichloropropene 

GC/MS EPA 8260B/C Cis-1,4-Dichloro-2-butene 

GC/MS EPA 8260B/C Cyclohexane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Dibromochloromethane 

GC/MS EPA 8260B/C; EPA 524.2 Dibromomethane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Dichlorodifluoromethane 

GC/MS EPA 8260B/C; EPA 524.2 Diethyl ether 

GC/MS EPA 8260B/C Di-isopropylether 

GC/MS EPA 8260B/C; EPA 524.2 Ethyl methacrylate 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Ethylbenzene 

GC/MS EPA 8260B/C Ethyl-t-butylether 

GC/MS EPA 8260B/C; EPA 524.2 Hexachlorobutadiene 

GC/MS EPA 8260B/C Iodomethane 

GC/MS EPA 8260B/C Isobutyl alcohol 

GC/MS EPA 8260B/C Isopropyl alcohol 

GC/MS EPA 8260B/C; EPA 524.2 Isopropyl benzene 

GC/MS EPA 8260B/C; EPA 524.2 m p-xylenes 

GC/MS EPA 8260B/C Methyl acetate 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8260B/C; EPA 524.2 Methacrylonitrile 

GC/MS EPA 624 / 8260B,C Methyl bromide (Bromomethane) 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Methyl chloride (Chloromethane) 

GC/MS EPA 8260B/C; EPA 524.2 Methyl methacrylate 

GC/MS EPA 8260B/C; EPA 524.2 Methyl tert-butyl ether 

GC/MS EPA 8260B/C Methylcyclohexane 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Methylene chloride 

GC/MS EPA 8260B/C; EPA 524.2 Naphthalene 

GC/MS EPA 8260B/C; EPA 524.2 n-Butylbenzene 

GC/MS EPA 8260B/C; EPA 524.2 n-Propylbenzene 

GC/MS EPA 8260B/C; EPA 524.2 o-Xylene 

GC/MS EPA 8260B/C Pentachloroethane 

GC/MS EPA 8260B/C; EPA 524.2 p-Isopropyltoluene 

GC/MS EPA 8260B/C; EPA 524.2 Propionitrile 

GC/MS EPA 8260B/C; EPA 524.2 sec-butylbenzene 

GC/MS EPA 8260B/C; EPA 524.2 Styrene 

GC/MS EPA 8260B/C t-Amylmethylether 

GC/MS EPA 8260B/C; EPA 524.2 tert-Butyl alcohol 

GC/MS EPA 8260B/C tert-Butylbenzene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Tetrachloroethene (Perchloroethylene) 

GC/MS EPA 8260B/C; EPA 524.2 Tetrahydrofuran 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Toluene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 trans-1, 2-Dichloroethylene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 trans-1, 3-Dichloropropylene 

GC/MS EPA 8260B/C; EPA 524.2 trans-1, 4-Dichloro-2-butuene 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Trichloroethene (Trichloroethylene) 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Trichlorofluoromethane 

GC/MS EPA 8260B/C Vinyl acetate 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 624; EPA 8260B/C; EPA 
524.2 Vinyl chloride 

GC/MS EPA 624 / 8260B,C Xylene 

GC/MS EPA 8260B/C SIM 1,1,1,2-Tetrachloroethane 

GC/MS 8260B, C SIM 1,1,1-Trichloroethane 

GC/MS EPA 8260B/C SIM 1,1,2,2-Tetrachloroethane 
GC/MS EPA 8260B/C SIM 1, 1, 2-Trichloroethane 

GC/MS EPA 8260B/C SIM 1,2,3-Trichloropropane 

GC/MS EPA 8260B/C SIM 1,1-Dichloroethane 
GC/MS EPA 8260B/C SIM 1,1-Dichloroethene 
GC/MS EPA 8260B/C SIM 1,2,4-Trichlorobenzene 
GC/MS EPA 8260B/C SIM 1,2,4-Trimethylbenzene 
GC/MS EPA 8260B/C SIM 1,2-Dibromo-3-chloropropane 
GC/MS EPA 8260B/C SIM 1,2-Dibromoethane 
GC/MS EPA 8260B/C SIM 1,2-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 1,2-Dichloroethane 
GC/MS EPA 8260B/C SIM 1,2-Dichloropropane 
GC/MS EPA 8260B/C SIM 1,3-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 1,3-Dichloropropane 
GC/MS EPA 8260B/C SIM 1,4-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 2-Hexanone 
GC/MS EPA 8260B/C SIM 4-Methyl-2-pentanone 
GC/MS EPA 8260B/C SIM Benzene 
GC/MS EPA 8260B/C SIM Bromodichloromethane 
GC/MS EPA 8260B/C SIM Carbon Tetrachloride 
GC/MS EPA 8260B/C SIM Chloroform 
GC/MS EPA 8260B/C SIM Chloromethane 
GC/MS EPA 8260B/C SIM cis-1,2-Dichloroethene 
GC/MS EPA 8260B/C SIM cis-1,3-Dichloropropene 
GC/MS EPA 8260B/C SIM Dibromochloromethane 
GC/MS EPA 8260B/C SIM Ethylbenzene 
GC/MS EPA 8260B/C SIM Isopropylbenzene 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8260B/C SIM Hexachlorobutadiene 
GC/MS EPA 8260B/C SIM Methylcyclohexane 
GC/MS EPA 8260B/C SIM m,p-Xylene 
GC/MS EPA 8260B/C SIM o-Xylene 
GC/MS EPA 8260B/C SIM Tetrachloroethene 
GC/MS EPA 8260B/C SIM trans-1,2-Dichloroethene 
GC/MS EPA 8260B/C SIM Trans-1,3-Dichloropropene 
GC/MS EPA 8260B/C SIM Trichloroethene 
GC/MS EPA 8260B/C SIM Trichlorofluoromethane 
GC/MS EPA 8260B/C SIM Vinyl Chloride 
GC/MS EPA 8260B/C SIM Xylenes (total) 
GC/MS EPA 8270C/D 1, 2, 4, 5-Tetrachlorobenzene 

GC/MS EPA 625; EPA 8270C/D 1, 2, 4-Trichlorobenzene 

GC/MS EPA 625; EPA 8270C/D 1, 2-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 2-Diphenylhydrazine 

GC/MS EPA 8270C/D 1, 3, 5-Trinitrobenzene 

GC/MS EPA 625; EPA 8270C/D 1, 3-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 3-Dinitrobenzene 

GC/MS EPA 625; EPA 8270C/D 1, 4-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 4-Dioxane 

GC/MS EPA 8270C/D 1, 4-Naphthoquinone 

GC/MS EPA 8270C/D 1, 4-Phenylenediamine 

GC/MS EPA 8270C/D 1-Chloronaphthalene 

GC/MS EPA 8270C/D 1-Methylnaphthalene 

GC/MS EPA 8270C/D 1-Naphthylamine 

GC/MS EPA 8270C/D 2, 3, 4, 6-Tetrachlorophenol 

GC/MS EPA 8270C/D 2, 4, 5-Trochlorophenol 

GC/MS EPA 625; EPA 8270C/D 2, 4, 6-Trichlorophenol 

GC/MS EPA 625; EPA 8270C/D 2, 4-Dichlorophenol 

GC/MS EPA 625; EPA 8270C/D 2, 4-Dimethylphenol 

GC/MS EPA 625; EPA 8270C/D 2, 4-Dinitrophenol 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 625; EPA 8270C/D 2, 4-Dinitrotoluene (2, 4-DNT) 

GC/MS EPA 8270C/D 2, 6-Dichlorophenol 

GC/MS EPA 625; EPA 8270C/D 2, 6-Dinitrotoluene (2, 6-DNT) 

GC/MS EPA 8270C/D 2-Acetylaminofluorene 

GC/MS EPA 625; EPA 8270C/D 2-Chloronaphthalene 

GC/MS EPA 625; EPA 8270C/D 2-Chlorophenol 

GC/MS EPA 625; EPA 8270C/D 2-Methyl-4 6-dinitrophenol 

GC/MS EPA 8270C/D 2-Methylnaphthalene 

GC/MS EPA 8270C/D 2-Methylphenol 

GC/MS EPA 8270C/D 2-Naphthylamine 

GC/MS EPA 8270C/D 2-Nitroaniline 

GC/MS EPA 625; EPA 8270C/D 2-Nitrophenol 

GC/MS EPA 8270C/D 2-Picoline 

GC/MS EPA 8270C/D 3-Methylcholanthrene 

GC/MS EPA 8270C/D 3-Nitroaniline 

GC/MS EPA 8270C/D 4-Aminobiphenyl 

GC/MS EPA 625; EPA 8270C/D 4-Bromophenyl phenyl ether 

GC/MS EPA 625; EPA 8270C/D 4-Chloro-3-methylphenol 

GC/MS EPA 8270C/D 4-Chloroaniline 

GC/MS EPA 625; EPA 8270C/D 4-Chlorophenyl phenylether 

GC/MS EPA 8270C/D 4-Dimethyl aminoazobenzene 

GC/MS EPA 8270C/D 3, 4-Methylphenol  

GC/MS EPA 8270C/D 4-Nitroaniline 

GC/MS EPA 625; EPA 8270C/D 4-Nitrophenol 

GC/MS EPA 8270C/D 4-Nitroquinoline-1-oxide 

GC/MS EPA 8270C/D 5-Nitro-o-toluidine 

GC/MS EPA 8270C/D 7, 12-Dimethylbenz(a)anthracene 

GC/MS EPA 8270C/D a a-Dimethylphenethylamine 

GC/MS EPA 625; EPA 8270C/D Acenaphthene 

GC/MS EPA 625; EPA 8270C/D Acenaphthylene 

GC/MS EPA 8270C/D Acetophenone 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D Aniline 

GC/MS EPA 625; EPA 8270C/D Anthracene 

GC/MS EPA 8270C/D Aramite 

GC/MS EPA 8270C/D Atrazine 

GC/MS EPA 8270C/D Azobenzene 

GC/MS EPA 8270C/D Benzaldehyde 

GC/MS EPA 625; EPA 8270C/D Benzidine 

GC/MS EPA 625; EPA 8270C/D Benzo(a)anthracene 

GC/MS EPA 625; EPA 8270C/D Benzo(a)pyrene 

GC/MS EPA 625; EPA 8270C/D Benzo(b)fluoranthene 

GC/MS EPA 625; EPA 8270C/D Benzo(g h i)perylene 

GC/MS EPA 625; EPA 8270C/D Benzo(k)fluoranthene 

GC/MS EPA 8270C/D Benzoic Acid 

GC/MS EPA 8270C/D Benzyl alcohol 

GC/MS EPA 8270C/D 1,1-Biphenyl 

GC/MS EPA 625; EPA 8270C/D bis(2-Chloroethoxy)methane 

GC/MS EPA 625; EPA 8270C/D bis(2-Chloroethyl) ether 

GC/MS EPA 625; EPA 8270C/D bis(2-Chloroisopropyl) ether (2, 2`-Oxybis(1-
chloropropane) 

GC/MS EPA 625; EPA 8270C/D bis(2-Ethylhexyl)adipate 

GC/MS EPA 625; EPA 8270C/D bis(2-Ethylhexyl) phthalate (DEHP) 

GC/MS EPA 625; EPA 8270C/D Butyl benzyl phthalate 

GC/MS EPA 8270C/D Caprolactam 

GC/MS EPA 8270C/D Carbazole 

GC/MS EPA 8270C/D Chlorobenzilate 

GC/MS EPA 625; EPA 8270C/D Chrysene 

GC/MS EPA 8270C/D Diallate 

GC/MS EPA 8270C/D Dibenzo(a,j)acridine 

GC/MS EPA 625; EPA 8270C/D Dibenz(a h)anthracene 

GC/MS EPA 8270C/D Dibenzofuran 

GC/MS EPA 8270C/D Diethyladipate 

GC/MS EPA 625; EPA 8270C/D Diethyl phthalate 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D Dimethoate 

GC/MS EPA 625; EPA 8270C/D Dimethyl phthalate 

GC/MS EPA 625; EPA 8270C/D Di-n-butyl phthalate 

GC/MS EPA 625; EPA 8270C/D Di-n-octyl phthalate 

GC/MS EPA 8270C/D Dinoseb 

GC/MS EPA 8270C/D Disulfoton 

GC/MS EPA 8270C/D Ethyl methanesulfonate 

GC/MS EPA 8270C/D Ethyl parathion 

GC/MS EPA 8270C/D Ethyl methacrylate 

GC/MS EPA 8270C/D Famfur 

GC/MS EPA 625; EPA 8270C/D Fluoranthene 

GC/MS EPA 625; EPA 8270C/D Fluorene 

GC/MS EPA 625; EPA 8270C/D Hexachlorobenzene 

GC/MS EPA 625; EPA 8270C/D Hexachlorobutadiene 

GC/MS EPA 625; EPA 8270C/D Hexachlorocyclopentadiene 

GC/MS EPA 625; EPA 8270C/D Hexachloroethane 

GC/MS EPA 8270C/D Hexachlorophene 

GC/MS EPA 8270C/D Hexachloropropene 

GC/MS EPA 625; EPA 8270C/D Indeno(1, 2, 3-cd)pyrene 

GC/MS EPA 8270C/D Isodrin 

GC/MS EPA 625; EPA 8270C/D Isophorone 

GC/MS EPA 8270C/D Isosafrole 

GC/MS EPA 8270C/D Kepone 

GC/MS EPA 8270C/D Methapyriline 

GC/MS EPA 8270C/D Methy methanesulfonate 

GC/MS EPA 8270C/D Methyl parathion 

GC/MS EPA 625; EPA 8270C/D Naphthalene 

GC/MS EPA 625; EPA 8270C/D Nitrobenzene 

GC/MS EPA 8270C/D Nitroquinoline-1-oxide 

GC/MS EPA 8270C/D n-Nitrosodiethylamine 

GC/MS EPA 625; EPA 8270C/D n-Nitrosodimethylamine 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D n-Nitroso-di-n-butylamine 

GC/MS EPA 625; EPA 8270C/D n-Nitrosodi-n-propylamine 

GC/MS EPA 625; EPA 8270C/D n-Nitrosodiphenylamine 

GC/MS EPA 8270C/D n-Nitrosomethylethylamine 

GC/MS EPA 8270C/D n-Nitrosomorpholine 

GC/MS EPA 8270C/D n-Nitrosopiperidine 

GC/MS EPA 8270C/D n-Nitrosopyrrolidine 

GC/MS EPA 8270C/D O,O,O-Triethyl phosphorothioate 

GC/MS EPA 8270C/D o,o-Diethyl o-2pyrazinyl phosphorothioate 

GC/MS EPA 8270C/D o-Toluidine 

GC/MS EPA 8270C/D Pentachlorobenzene 

GC/MS EPA 8270C/D Pentachloronitrobenzene 

GC/MS EPA 625; EPA 8270C/D Pentachlorophenol 

GC/MS EPA 8270C/D Phenacetin 

GC/MS EPA 625; EPA 8270C/D Phenanthrene 

GC/MS EPA 625; EPA 8270C/D Phenol 

GC/MS EPA 8270C/D Phorate 

GC/MS EPA 8270C/D Pronamide 

GC/MS EPA 625; EPA 8270C/D Pyrene 

GC/MS EPA 8270C/D Pyridine 

GC/MS EPA 8270C/D Safrole 

GC/MS EPA 8270C/D Sulfotepp 

GC/MS EPA 8270C/D Thionazin 

GC/MS EPA 625; EPA 8270C/D 3, 3’-Dichlorobenzidine 

GC/MS EPA 8270C/D 3, 3’-Dimethylbenzidine 

GC/MS EPA 8270C/D SIM 1,1'-Biphenyl 
GC/MS EPA 8270C/D SIM 1,2,4,5-Tetrachlorobenzene 
GC/MS EPA 8270C/D SIM 1,4-Dioxane 
GC/MS EPA 8270C/D SIM 1-Methylnaphthalene 
GC/MS EPA 8270C/D SIM 2,2'-Oxybis(1-chloropropane 
GC/MS EPA 8270C/D SIM 2,3,4,6-Tetrachlorophenol 



                  Certificate # L2223 
 

Form 403.8 – Rev 1 – 4-11-11      Page 14 of 41 

Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D SIM 2,4,5-Trichlorophenol 
GC/MS EPA 8270C/D SIM 2,4,6-Trichlorophenol 
GC/MS EPA 8270C/D SIM 2,4-Dichlorophenol 
GC/MS EPA 8270C/D SIM 2,4-Dimethylphenol 
GC/MS EPA 8270C/D SIM 2,4-Dinitrophenol 
GC/MS EPA 8270C/D SIM 2,4-Dinitrotoluene 
GC/MS EPA 8270C/D SIM 2,6-Dinitrotoluene 
GC/MS EPA 8270C/D SIM 2-Chloronaphthalene 
GC/MS EPA 8270C/D SIM 2-Chlorophenol 
GC/MS EPA 8270C/D SIM 2-Methylnaphthalene 
GC/MS EPA 8270C/D SIM 2-Methylphenol 
GC/MS EPA 8270C/D SIM 2-Nitroaniline 
GC/MS EPA 8270C/D SIM 2-Nitrophenol 
GC/MS EPA 8270C/D SIM 3&4-Methylphenol 
GC/MS EPA 8270C/D SIM 3,3'-Dichlorobenzidine 
GC/MS EPA 8270C/D SIM 3-Nitroaniline 
GC/MS EPA 8270C/D SIM 4,6-Dinitro-2-methylphenol 
GC/MS EPA 8270C/D SIM 4-Bromophenyl-phenylether 
GC/MS EPA 8270C/D SIM 4-Chloro-3-methylphenol 
GC/MS EPA 8270C/D SIM 4-Chloroaniline 
GC/MS EPA 8270C/D SIM 4-Chlorophenyl-phenylether 
GC/MS EPA 8270C/D SIM 4-Nitroaniline 
GC/MS EPA 8270C/D SIM 4-Nitrophenol 
GC/MS EPA 8270C/D SIM Acenaphthene 
GC/MS EPA 8270C/D SIM Acenaphthylene 
GC/MS EPA 8270C/D SIM Acetophenone 
GC/MS EPA 8270C/D SIM Anthracene 
GC/MS EPA 8270C/D SIM Atrazine 
GC/MS EPA 8270C/D SIM Benzaldehyde 
GC/MS EPA 8270C/D SIM Benzo(a)anthracene 
GC/MS EPA 8270C/D SIM Benzo(a)pyrene 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D SIM Benzo(b)fluoranthene 
GC/MS EPA 8270C/D SIM Benzo(g,h,i)perylene 
GC/MS EPA 8270C/D SIM Benzo(k)fluoranthene 
GC/MS EPA 8270C/D SIM Bis(2-chloroethoxy)methane 
GC/MS EPA 8270C/D SIM Bis(2-chloroethyl)ether 
GC/MS EPA 8270C/D SIM Bis(2-ethylhexyl)phthalate 
GC/MS EPA 8270C/D SIM Butylbenzylphthalate 
GC/MS EPA 8270C/D SIM Caprolactam 
GC/MS EPA 8270C/D SIM Carbazole 
GC/MS EPA 8270C/D SIM Chrysene 
GC/MS EPA 8270C/D SIM Dibenzo(a,h)anthracene 
GC/MS EPA 8270C/D SIM Dibenzofuran 
GC/MS EPA 8270C/D SIM Diethylphthalate 
GC/MS EPA 8270C/D SIM Dimethyl phthalate 
GC/MS EPA 8270C/D SIM Di-n-butylphthalate 
GC/MS EPA 8270C/D SIM Di-n-octylphthalate 
GC/MS EPA 8270C/D SIM Fluoranthene 
GC/MS EPA 8270C/D SIM Fluorene 
GC/MS EPA 8270C/D SIM Hexachlorobenzene 
GC/MS EPA 8270C/D SIM Hexachlorobutadiene 
GC/MS EPA 8270C/D SIM Hexachlorocyclopentadiene 
GC/MS EPA 8270C/D SIM Hexachloroethane 
GC/MS EPA 8270C/D SIM Indeno(1,2,3-cd)pyrene 
GC/MS EPA 8270C/D SIM Isophorone 
GC/MS EPA 8270C/D SIM Naphthalene 
GC/MS EPA 8270C/D SIM Nitrobenzene 
GC/MS EPA 8270C/D SIM n-Nitroso-di-n-propylamine 
GC/MS EPA 8270C/D SIM n-Nitrosodiphenylamine 
GC/MS EPA 8270C/D SIM Pentachlorophenol 
GC/MS EPA 8270C/D SIM Phenanthrene 
GC/MS EPA 8270C/D SIM Phenol 
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Non-Potable Water  

Technology Method Analyte 

GC/MS EPA 8270C/D SIM Pyrene 
HPLC/UV EPA 8330A/B 1, 3, 5-Trinitrobenzene 

HPLC/UV EPA 8330A/B 1, 3-Dinitrobenzene 

HPLC/UV EPA 8330A/B 2, 4, 6-Trinitrotoluene 

HPLC/UV EPA 8330A/B 2, 4-Dinitrotoluene 

HPLC/UV EPA 8330A/B 2, 6-Dinitrotoluene 

HPLC/UV EPA 8330A/B 2-Amino-4, 6 -Dinitrotoluene 

HPLC/UV EPA 8330A/B 2-Nitrotoluene 

HPLC/UV EPA 8330A/B 3-Nitrotoluene 

HPLC/UV EPA 8330A/B 3,5-Dinitroaniline 

HPLC/UV EPA 8330A/B 4-Amino-2, 6-Dinitrotoluene 

HPLC/UV EPA 8330A/B 4-Nitrotoluene 

HPLC/UV EPA 8330A/B Ethylene glycol dinitrate (EGDN) 

HPLC/UV EPA 8330A/B Hexahydro-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) 

HPLC/UV EPA 8330A/B Nitrobenzene 

HPLC/UV EPA 8330A MOD Nitroglycerin 

HPLC/UV EPA 8330B Nitroglycerin 

HPLC/UV EPA 8330A/B Octahydro-1, 3, 5, 7-tetrazocine (HMX) 

HPLC/UV EPA 8330A/B Pentaerythritol Tetranitrate (PETN) 

HPLC/UV EPA 8330A/B Tetryl 

CVAA EPA 245.1; EPA 7470A Mercury 

CVAF EPA 1631E Low Level Mercury 

ICP/AES EPA 200.7; EPA 6010B/C Aluminum 

ICP/AES EPA 200.7; EPA 6010B/C Antimony 

ICP/AES EPA 200.7; EPA 6010B/C Arsenic 

ICP/AES EPA 200.7; EPA 6010B/C Barium 

ICP/AES EPA 200.7; EPA 6010B/C Beryllium 

ICP/AES EPA 200.7; EPA 6010B/C Boron 

ICP/AES EPA 200.7; EPA 6010B/C Cadmium 

ICP/AES EPA 200.7; EPA 6010B/C Calcium 

ICP/AES EPA 200.7; EPA 6010B/C Chromium 
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Non-Potable Water  

Technology Method Analyte 

ICP/AES EPA 200.7; EPA 6010B/C Cobalt 

ICP/AES EPA 200.7; EPA 6010B/C Copper 

ICP/AES EPA 200.7; EPA 6010B/C Iron 

ICP/AES EPA 200.7; EPA 6010B/C Lead 

ICP/AES EPA 200.7; EPA 6010B/C Magnesium 

ICP/AES EPA 200.7; EPA 6010B/C Manganese 

ICP/AES EPA 200.7; EPA 6010B/C Molybdenum 

ICP/AES EPA 200.7; EPA 6010B/C Nickel 

ICP/AES EPA 200.7; EPA 6010B/C Potassium 

ICP/AES EPA 200.7; EPA 6010B/C Selenium 

ICP/AES EPA 200.7; EPA 6010B/C Silicon 

ICP/AES EPA 200.7; EPA 6010B/C Silver 

ICP/AES EPA 200.7; EPA 6010B/C Sodium 

ICP/AES EPA 6010B/C Strontium 

ICP/AES EPA 200.7; EPA 6010B/C Thallium 

ICP/AES EPA 200.7; EPA 6010B/C Tin 

ICP/AES EPA 200.7; EPA 6010B/C Titanium 

ICP/AES EPA 200.7; EPA 6010B/C Vanadium 

ICP/AES EPA 200.7; EPA 6010B/C Zinc 

ICP/MS EPA 200.8; EPA 6020A Aluminum 

ICP/MS EPA 200.8; EPA 6020A Antimony 

ICP/MS EPA 200.8; EPA 6020A Arsenic 

ICP/MS EPA 200.8; EPA 6020A Barium 

ICP/MS EPA 200.8; EPA 6020A Beryllium 

ICP/MS EPA 200.8; EPA 6020A Boron 

ICP/MS EPA 200.8; EPA 6020A Cadmium 

ICP/MS EPA 200.8; EPA 6020A Calcium 

ICP/MS EPA 200.8; EPA 6020A Chromium 

ICP/MS EPA 200.8; EPA 6020A Cobalt 

ICP/MS EPA 200.8; EPA 6020A Copper 

ICP/MS EPA 200.8; EPA 6020A Iron 
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Non-Potable Water  

Technology Method Analyte 

ICP/MS EPA 200.8; EPA 6020A Lead 

ICP/MS EPA 200.8; EPA 6020A Magnesium 

ICP/MS EPA 200.8; EPA 6020A Manganese 

ICP/MS EPA 200.8; EPA 6020A Molybdenum 

ICP/MS EPA 200.8; EPA 6020A Nickel 

ICP/MS EPA 200.8; EPA 6020A Potassium 

ICP/MS EPA 200.8; EPA 6020A Selenium 

ICP/MS EPA 200.8; EPA 6020A Silicon 

ICP/MS EPA 200.8; EPA 6020A Silver 

ICP/MS EPA 200.8; EPA 6020A Sodium 

ICP/MS EPA 6020A Strontium 

ICP/MS EPA 200.8; EPA 6020A Thallium 

ICP/MS EPA 200.8; EPA 6020A Tin 

ICP/MS EPA 200.8; EPA 6020A Titanium 

ICP/MS EPA 200.8; EPA 6020A Tungsten 

ICP/MS EPA 200.8 Uranium 

ICP/MS EPA 200.8; EPA 6020A Vanadium 

ICP/MS EPA 200.8; EPA 6020A Zinc 

IC EPA 300.0; EPA 9056A Bromide 

IC EPA 300.0; EPA 9056A Chloride 

IC EPA 300.0; EPA 9056A Fluoride 

IC EPA 300.0; EPA 9056A Nitrate as N 

IC EPA 300.0; EPA 9056A Nitrite as N 

IC EPA 300.0; EPA 9056A Nitrate + Nitrite 

IC EPA 300.0; EPA 9056A Orthophosphate as P 

IC EPA 300.0; EPA 9056A Sulfate 

IC SOP CA-776 Lactic Acid 

IC SOP CA-776 Acetic Acid 

IC SOP CA-776 Propionic Acid 

IC SOP CA-776 Formic Acid 

IC SOP CA-776 Butyric Acid 



                  Certificate # L2223 
 

Form 403.8 – Rev 1 – 4-11-11      Page 19 of 41 

Non-Potable Water  

Technology Method Analyte 

IC SOP CA-776 Pyruvic Acid 

IC SOP CA-776 i-Pentanoic Acid 

IC SOP CA-776 Pentanoic Acid 

IC SOP CA-776 i-Hexanoic Acid 

IC SOP CA-776 Hexanoic Acid 

Titration EPA 310.1; SM 2320B Alkalinity 

Caculation SM 2340B Hardness 

Gravimetric EPA 1664A; EPA 9070A Oil and Grease, Oil and Grease with SGT 

Gravimetric SM 2540B/C/D Solids 

ISE EPA 120.1; SM 2510B Conductivity 

ISE SM 2520B Practical Salinity 

ISE SM 4500F- C Fluoride 

ISE SM 4500H+ B pH 

ISE SM 5210B TBOD / CBOD 

Physical EPA 1010A Ignitability 

Physical EPA 9040C pH 

Titration SM 2340C Hardness 

Titration SM 4500SO3 B Sulfite 

Titration EPA 9034; SM 4500S2- F Sulfide 

Titration EPA SW-846 Chapter 7.3.4 Reactive Sulfide 

IR EPA 9060A; SM 5310B Total organic carbon 

Turbidimetric EPA 180.1; SM 2130B Turbidity 

Turbidimetric EPA 9038; ASTM 516-02 Sulfate 

UV/VIS EPA 335.4; EPA 9012B; 
SM 4500-CN G Amenable cyanide 

UV/VIS EPA 350.1; SM 4500NH3 H Ammonia as N 

UV/VIS SM 3500Fe D Ferrous Iron 

UV/VIS EPA 351.2 Kjeldahl nitrogen - total 

UV/VIS EPA 353.2; SM 4500NO3 F Nitrate + Nitrite 

UV/VIS EPA 353.2; SM 4500NO3 F Nitrate as N 

UV/VIS EPA 353.2; SM 4500NO3 F Nitrite as N 

UV/VIS EPA 365.2; SM 4500P E Orthophosphate as P 
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Non-Potable Water  

Technology Method Analyte 

UV/VIS EPA 365.4 Phosphorus total 

UV/VIS EPA 821/R-91-100 AVS-SEM 

UV/VIS EPA 410.4 COD 

UV/VIS EPA 420.1; EPA 9065 Total Phenolics 

UV/VIS SM 4500Cl G Total Residual Chlorine 

UV/VIS SM 5540C MBAS 

UV/VIS EPA 7196A; SM 3500-Cr D Chromium VI 

UV/VIS EPA 9012B; EPA 335.4 Total Cyanide 

UV/VIS EPA 9251; SM 4500Cl E Chloride 

UV/VIS EPA SW-846 Chapter 7.3.4 Reactive Cyanide 
 

Preparation Method Type 

Cleanup Methods EPA 3640A Gel Permeation Clean-up 

Cleanup Methods EPA 3630C Silica Gel 

Cleanup Methods EPA 3660B Sulfur Clean-Up 

Cleanup Methods EPA 3665A Sulfuric Acid Clean-Up 

Organic Preparation EPA 3510C Separatory Funnel Extraction 

Organic Preparation EPA 3520C Continuous Liquid-Liquid Extraction 

Inorganic Preparation EPA 3010A Hotblock 
Volatile Organic 

Preparation EPA 5030C Purge and Trap 

 
 

Solid and Chemical Waste 

Technology Method Analyte 

GC/ECD EPA 8081B 2,4`-DDD 

GC/ECD EPA 8081B 2,4`-DDE 

GC/ECD EPA 8081B 2,4`-DDT 

GC/ECD EPA 8081B 4, 4`-DDD 

GC/ECD EPA 8081B 4, 4`-DDE 

GC/ECD EPA 8081B 4, 4`-DDT 

GC/ECD EPA 8081B Aldrin 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/ECD EPA 8081B alpha-BHC (alpha-Hexachlorocyclohexane) 

GC/ECD EPA 8081B Alpha-Chlordane 

GC/ECD EPA 8081B beta-BHC (beta-Hexachlorocyclohexane) 

GC/ECD EPA 608; EPA 8081B Chlordane (tech.) 

GC/ECD EPA 8081B Cis-Nonachlor 

GC/ECD EPA 8081B delta-BHC 

GC/ECD EPA 8081B Dieldrin 

GC/ECD EPA 8081B Endosulfan I 

GC/ECD EPA 8081B Endosulfan II 

GC/ECD EPA 8081B Endosulfan sulfate 

GC/ECD EPA 8081B Endrin 

GC/ECD EPA 8081B Endrin aldehyde 

GC/ECD EPA 8081B Endrin Ketone 

GC/ECD EPA 8081B gamma-BHC (Lindane gamma-
Hexachlorocyclohexane) 

GC/ECD EPA 8081B gamma-Chlordane 

GC/ECD EPA 8081B Heptachlor 

GC/ECD EPA 8081B Heptachlor epoxide 

GC/ECD EPA 8081B Hexachlorobenzene 

GC/ECD EPA 8081B Methoxychlor 

GC/ECD EPA 8081B Mirex 

GC/ECD EPA 8081B Oxychlordane 

GC/ECD EPA 8081B Toxaphene (Chlorinated camphene) 

GC/ECD EPA 8081B Trans-Nonachlor 

GC/ECD EPA 8082A Aroclor-1016 (PCB-1016) 

GC/ECD EPA 8082A Aroclor-1221 (PCB-1221) 

GC/ECD EPA 8082A Aroclor-1232 (PCB-1232) 

GC/ECD EPA 8082A Aroclor-1242 (PCB-1242) 

GC/ECD EPA 8082A Aroclor-1248 (PCB-1248) 

GC/ECD EPA 8082A Aroclor-1254 (PCB-1254) 

GC/ECD EPA 8082A Aroclor-1260 (PCB-1260) 

GC/ECD EPA 8082A MOD Aroclor-1262 (PCB-1262) 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/ECD EPA 8082A MOD Aroclor-1268 (PCB-1268) 

GC/ECD EPA 8082A 2, 2', 3, 3', 4, 4', 5, 5', 6-Nonachlorobiphenyl (BZ 
206) 

GC/ECD EPA 8082A 2, 2', 3, 3', 4, 4', 5, 6-Octachlorobiphenyl (BZ 195) 

GC/ECD EPA 8082A 2, 2', 3, 3', 4, 4', 5-Heptachlorobiphenyl (BZ 170) 

GC/ECD EPA 8082A 2, 2', 3, 3', 4, 4'-Hexachlorobiphenyl (BZ 128) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5, 5'-Heptachlorobiphenyl (BZ 180) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5', 6-Heptachlorobiphenyl (BZ 183) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 5-Hexachlorobiphenyl  (BZ 138) 

GC/ECD EPA 8082A 2, 2', 3, 4, 4', 6, 6'-Heptachlorobiphenyl (BZ 184) 

GC/ECD EPA 8082A 2, 2', 3, 4', 5, 5', 6-Heptachlorobiphenyl (BZ 187) 

GC/ECD EPA 8082A 2, 2', 3, 4, 5'-Pentachlorobiphenyl (BZ 87) 

GC/ECD EPA 8082A 2, 2', 3, 5'-Tetrachlorobiphenyl (BZ 44) 

GC/ECD EPA 8082A 2, 2', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 153) 

GC/ECD EPA 8082A 2, 2', 4, 5, 5'-Pentachlorobiphenyl (BZ 101) 

GC/ECD EPA 8082A 2, 2', 4, 5-Tetrachlorobiphenyl (BZ 48) 

GC/ECD EPA 8082A 2, 2', 4, 5’-Tetrachlorobiphenyl (BZ 49) 

GC/ECD EPA 8082A 2, 2', 5, 5'-Tetrachlorobiphenyl (BZ 52) 

GC/ECD EPA 8082A 2, 2', 5-Trichlorobiphenyl (BZ 18) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4', 5-Hexachlorobiphenyl (BZ 156) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4', 5'-Hexachlorobiphenyl (BZ 157) 

GC/ECD EPA 8082A 2, 3, 3', 4, 4'-Pentachlorobiphenyl (BZ 105) 

GC/ECD EPA 8082A 2, 3, 3’, 4, 4’, 5, 5’-Heptachlorobiphenyl (BZ 189) 

GC/ECD EPA 8082A 2, 3', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 167) 

GC/ECD EPA 8082A 2, 3', 4, 4', 5-Pentachlorobiphenyl (BZ 118) 

GC/ECD EPA 8082A 2, 3', 4, 4',5’-Pentachlorobiphenyl (BZ 123) 

GC/ECD EPA 8082A 2, 3', 4, 4'-Tetrachlorobiphenyl (BZ 66) 

GC/ECD EPA 8082A 2, 3, 4, 4’, 5-Pentachlorobiphenyl (BZ 114) 

GC/ECD EPA 8082A 2, 4, 4'-Trichlorobiphenyl (BZ 28) 

GC/ECD EPA 8082A 2, 4'-Dichlorobiphenyl (BZ 8) 

GC/ECD EPA 8082A 3, 3', 4, 4', 5, 5'-Hexachlorobiphenyl (BZ 169) 

GC/ECD EPA 8082A 3, 3', 4, 4', 5-Pentachlorobiphenyl (BZ 126) 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/ECD EPA 8082A 3, 3', 4, 4'-Tetrachlorobiphenyl (BZ 77) 

GC/ECD EPA 8082A 3, 4, 4’, 5-Tetrachlorobiphenyl (BZ 81) 

GC/ECD EPA 8082A Decachlorobiphenyl (BZ 209) 

GC/ECD EPA 8151A 2, 4, 5-T 

GC/ECD EPA 8151A 2, 4-D 

GC/ECD EPA 8151A 2, 4-DB 

GC/ECD EPA 8151A Dalapon 

GC/ECD EPA 8151A Dicamba 

GC/ECD EPA 8151A Dichloroprop 

GC/ECD EPA 8151A Dinoseb 

GC/ECD EPA 8151A MCPA 

GC/ECD EPA 8151A MCPP 

GC/ECD EPA 8151A Pentachlorophenol 

GC/ECD EPA 8151A Silvex (2, 4, 5-TP) 

GC/FID EPA 8015C/D Diesel range organics (DRO) 

GC/FID EPA 8015C/D Total Petroleum Hydrocarbons (TPH) 

GC/FID EPA 8015C/D Gasoline range organics (GRO) 

GC/FID/PID MA DEP VPH Volatile Organic Hydrocarbons 

GC/FID MA DEP EPH Extractable Petroleum Hydrocarbons 

GC/FID MA DEP EPH 
EPA 3546 

Extractable Petroleum Hydrocarbons 
Microwave Extraction Preparation 

GC/FID CT-ETPH Total Petroleum Hydrocarbons 

GC/FID TNRCC Method 1005 Total Petroleum Hydrocarbons 

GC/FID FL-PRO Petroleum Range Organics 

GC/ECD EPA 8011 1, 2-Dibromoethane (EDB) 

GC/ECD EPA 8011 1, 2-Dibromo-3-chloropropane 

GC/MS EPA 8260B/C 1, 1, 1, 2-Tetrachloroethane 

GC/MS EPA 8260B/C 1,1,2-Trichloro-1,2,2-trifluoroethane 

GC/MS EPA 8260B/C 1, 1, 1-Trichloroethane 

GC/MS EPA 8260B/C 1, 1, 2, 2-Tetrachloroethane 

GC/MS EPA 8260B/C 1, 1, 2-Trichloroethane 

GC/MS EPA 8260B/C 1, 1-Dichloroethane 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8260B/C 1, 1-Dichloroethylene 

GC/MS EPA 8260B/C 1, 1-Dichloropropene 

GC/MS EPA 8260B/C 1, 2, 3-Trichlorobenzene 

GC/MS EPA 8260B/C 1, 2, 3-Trichloropropane 

GC/MS EPA 8260B/C 1,2,3-Trimethylbenzene 

GC/MS EPA 8260B/C 1, 2, 4-Trichlorobenzene 

GC/MS EPA 8260B/C 1, 2, 4-Trimethylbenzene 

GC/MS EPA 8260B/C 1, 2-Dibromo-3-chloropropane 

GC/MS EPA 8260B/C 1, 2-Dibromoethane 

GC/MS EPA 8260B/C 1, 2-Dichlorobenzene 

GC/MS EPA 8260B/C 1, 2-Dichloroethane 

GC/MS EPA 8260B/C 1, 2-Dichloropropane 

GC/MS EPA 8260B/C 1,3,5-Trichlorobenzene 

GC/MS EPA 8260B/C 1, 3, 5-Trimethylbenzene 

GC/MS EPA 8260B/C 1, 3-Dichlorobenzene 

GC/MS EPA 8260B/C 1, 3-Dichloropropane 

GC/MS EPA 8260B/C 1, 4-Dichlorobenzene 

GC/MS EPA 8260B/C 1, 4-Dioxane 

GC/MS EPA 8260B/C 1-Chlorohexane 

GC/MS EPA 8260B/C 2, 2-Dichloropropane 

GC/MS EPA 8260B/C 2-Butanone 

GC/MS EPA 8260B/C 2-Chloroethyl vinyl ether 

GC/MS EPA 8260B/C 2-Chlorotoluene 

GC/MS EPA 8260B/C 2-Hexanone 

GC/MS EPA 8260B/C 4-Chlorotoluene 

GC/MS EPA 8260B/C 4-Methyl-2-pentanone 

GC/MS EPA 8260B/C Acetone 

GC/MS EPA 8260B/C Acetonitrile 

GC/MS EPA 8260B/C Acrolein 

GC/MS EPA 8260B/C Acrylonitrile 

GC/MS EPA 8260B/C Allyl chloride 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8260B/C Benzene 

GC/MS EPA 8260B/C Benzyl chloride 

GC/MS EPA 8260B/C Bromobenzene 

GC/MS EPA 8260B/C Bromochloromethane 

GC/MS EPA 8260B/C Bromodichloromethane 

GC/MS EPA 8260B/C Bromoform 

GC/MS EPA 8260B/C Carbon disulfide 

GC/MS EPA 8260B/C Carbon tetrachloride 

GC/MS EPA 8260B/C Chlorobenzene 

GC/MS EPA 8260B/C Chloroethane 

GC/MS EPA 8260B/C Chloroform 

GC/MS EPA 8260B/C Chloroprene 

GC/MS EPA 8260B/C cis-1, 2-Dichloroethene 

GC/MS EPA 8260B/C cis-1, 3-Dichloropropene 

GC/MS EPA 8260B/C cis-1,3-Dichloro-2-butene 

GC/MS EPA 8260B/C Cyclohexane 

GC/MS EPA 8260B/C Dibromochloromethane 

GC/MS EPA 8260B/C Dibromomethane 

GC/MS EPA 8260B/C Dichlorodifluoromethane 

GC/MS EPA 8260B/C Diethyl ether 

GC/MS EPA 8260B/C Di-isopropylether 

GC/MS EPA 8260B/C 1,2-Dibromoethane (EDB) 

GC/MS EPA 8260B/C Ethyl methacrylate 

GC/MS EPA 8260B/C Ethylbenzene 

GC/MS EPA 8260B/C Ethyl-t-butylether 

GC/MS EPA 8260B/C Hexachlorobutadiene 

GC/MS EPA 8260B/C Iodomethane 

GC/MS EPA 8260B/C Isobutyl alcohol 

GC/MS EPA 8260B/C Isopropyl alcohol 

GC/MS EPA 8260B/C Isopropyl benzene 

GC/MS EPA 8260B/C m p-xylenes 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8260B, C Methyl acetate 

GC/MS EPA 8260B/C Methacrylonitrile 

GC/MS EPA 8260B/C Methyl bromide (Bromomethane) 

GC/MS EPA 8260B/C Methyl chloride (Chloromethane) 

GC/MS EPA 8260B/C Methyl methacrylate 

GC/MS EPA 8260B/C Methyl tert-butyl ether 

GC/MS EPA 8260B/C Methylcyclohexane 

GC/MS EPA 8260B/C Methylene chloride 

GC/MS EPA 8260B/C Naphthalene 

GC/MS EPA 8260B/C n-Butylbenzene 

GC/MS EPA 8260B/C n-proplybenzene 

GC/MS EPA 8260B/C o-Xylene 

GC/MS EPA 8260B/C pentachloroethane 

GC/MS EPA 8260B/C p-Isopropyltoluene 

GC/MS EPA 8260B/C Propionitrile 

GC/MS EPA 8260B/C sec-butylbenzene 

GC/MS EPA 8260B/C Styrene 

GC/MS EPA 8260B/C t-Amylmethylether 

GC/MS EPA 8260B/C tert-Butyl alcohol 

GC/MS EPA 8260B/C tert-Butylbenzene 

GC/MS EPA 8260B/C Tetrachloroethylene (Perchloroethylene) 

GC/MS EPA 8260B/C Tetrahydrofuran 

GC/MS EPA 8260B/C Toluene 

GC/MS EPA 8260B/C trans-1, 2-Dichloroethylene 

GC/MS EPA 8260B/C trans-1, 3-Dichloropropylene 

GC/MS EPA 8260B/C Trans-1, 4-Dichloro-2-butuene 

GC/MS EPA 8260B/C Trichloroethene (Trichloroethylene) 

GC/MS EPA 8260B/C Trichlorofluoromethane 

GC/MS EPA 8260B/C Vinyl acetate 

GC/MS EPA 8260B/C Vinyl chloride 

GC/MS EPA 8260B/C Xylene 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8260B/C SIM 1,1,1,2-Tetrachloroethane 

GC/MS EPA 8260B/C SIM 1,1,1-Trichloroethane 

GC/MS EPA 8260B/C SIM 1,1,2,2-Tetrachloroethane 
GC/MS EPA 8260B/C SIM 1, 1, 2-Trichloroethane 

GC/MS EPA 8260B/C SIM 1,2,3-Trichloropropane 

GC/MS EPA 8260B/C SIM 1,1-Dichloroethane 
GC/MS EPA 8260B/C SIM 1,1-Dichloroethene 
GC/MS EPA 8260B/C SIM 1,2,4-Trichlorobenzene 
GC/MS EPA 8260B/C SIM 1,2,4-Trimethylbenzene 
GC/MS EPA 8260B/C SIM 1,2-Dibromo-3-chloropropane 
GC/MS EPA 8260B/C SIM 1,2-Dibromoethane 
GC/MS EPA 8260B/C SIM 1,2-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 1,2-Dichloroethane 
GC/MS EPA 8260B/C SIM 1,2-Dichloropropane 
GC/MS EPA 8260B/C SIM 1,3-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 1,3-Dichloropropane 
GC/MS EPA 8260B/C SIM 1,4-Dichlorobenzene 
GC/MS EPA 8260B/C SIM 2-Hexanone 
GC/MS EPA 8260B/C SIM 4-Methyl-2-pentanone 
GC/MS EPA 8260B/C SIM Benzene 
GC/MS EPA 8260B/C SIM Bromodichloromethane 
GC/MS EPA 8260B/C SIM Carbon Tetrachloride 
GC/MS EPA 8260B/C SIM Chloroform 
GC/MS EPA 8260B/C SIM Chloromethane 
GC/MS EPA 8260B/C SIM cis-1,2-Dichloroethene 
GC/MS EPA 8260B/C SIM cis-1,3-Dichloropropene 
GC/MS EPA 8260B/C SIM Dibromochloromethane 
GC/MS EPA 8260B/C SIM Ethylbenzene 
GC/MS EPA 8260B/C SIM Isopropylbenzene 
GC/MS EPA 8260B/C SIM Hexachlorobutadiene 
GC/MS EPA 8260B/C SIM Methylcyclohexane 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8260B/C SIM m,p-Xylene 
GC/MS EPA 8260B/C SIM o-Xylene 
GC/MS EPA 8260B/C SIM Tetrachloroethene 
GC/MS EPA 8260B/C SIM trans-1,2-Dichloroethene 
GC/MS EPA 8260B/C SIM Trans-1,3-Dichloropropene 
GC/MS EPA 8260B/C SIM Trichloroethene 
GC/MS EPA 8260B/C SIM Trichlorofluoromethane 
GC/MS EPA 8260B/C SIM Vinyl Chloride 
GC/MS EPA 8260B/C SIM Xylenes (total) 
GC/MS EPA 8270C/D 1, 2, 4, 5-Tetrachlorobenzene 

GC/MS EPA 8270C/D 1, 2, 4-Trichlorobenzene 

GC/MS EPA 8270C/D 1, 2-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 2-Diphenylhydrazine 

GC/MS EPA 8270C/D 1, 3, 5-Trinitrobenzene 

GC/MS EPA 8270C/D 1, 3-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 3-Dinitrobenzene 

GC/MS EPA 8270C/D 1, 4-Dichlorobenzene 

GC/MS EPA 8270C/D 1, 4-Dioxane 

GC/MS EPA 8270C/D 1, 4-Naphthoquinone 

GC/MS EPA 8270C/D 1, 4-Phenylenediamine 

GC/MS EPA 8270C/D 1,1-Biphenyl 

GC/MS EPA 8270C/D 1-Chloronaphthalene 

GC/MS EPA 8270C/D 1-Methylnaphthalene 

GC/MS EPA 8270C/D 1-Naphthylamine 

GC/MS EPA 8270C/D 2, 3, 4, 6-Tetrachlorophenol 

GC/MS EPA 8270C/D 2, 4, 5-Trochlorophenol 

GC/MS EPA 8270C/D 2, 4, 6-Trichlorophenol 

GC/MS EPA 8270C/D 2, 4-Dichlorophenol 

GC/MS EPA 8270C/D 2, 4-Dimethylphenol 

GC/MS EPA 8270C/D 2, 4-Dinitrophenol 

GC/MS EPA 8270C/D 2, 4-Dinitrotoluene (2 4-DNT) 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D 2, 6-Dichlorophenol 

GC/MS EPA 8270C/D 2, 6-Dinitrotoluene (2 6-DNT) 

GC/MS EPA 8270C/D 2-Acetylaminofluorene 

GC/MS EPA 8270C/D 2-Chloronaphthalene 

GC/MS EPA 8270C/D 2-Chlorophenol 

GC/MS EPA 8270C/D 2-Methyl-4, 6-dinitrophenol 

GC/MS EPA 8270C/D 2-Methylnaphthalene 

GC/MS EPA 8270C/D 2-Methylphenol 

GC/MS EPA 8270C/D 2-Naphthylamine 

GC/MS EPA 8270C/D 2-Nitroaniline 

GC/MS EPA 8270C/D 2-Nitrophenol 

GC/MS EPA 8270C/D 2-Picoline 

GC/MS EPA 8270C/D 3, 3`-Dichlorobenzidine 

GC/MS EPA 8270C/D 3, 3’-Dimethylbenzidine 

GC/MS EPA 8270C/D 3,4-Methylphenol  

GC/MS EPA 8270C/D 3-Methylcholanthrene 

GC/MS EPA 8270C/D 3-Nitroaniline 

GC/MS EPA 8270C/D 4-Aminobiphenyl 

GC/MS EPA 8270C/D 4-Bromophenyl phenyl ether 

GC/MS EPA 8270C/D 4-Chloro-3-methylphenol 

GC/MS EPA 8270C/D 4-Chloroaniline 

GC/MS EPA 8270C/D 4-Chlorophenyl phenylether 

GC/MS EPA 8270C/D 4-Dimethyl aminoazobenzene 

GC/MS EPA 8270C/D 4-Nitroaniline 

GC/MS EPA 8270C/D 4-Nitrophenol 

GC/MS EPA 8270C/D 4-Nitroquinoline-1-oxide 

GC/MS EPA 8270C/D 5-Nitro-o-toluidine 

GC/MS EPA 8270C/D 7,12-Dimethylbenz(a)anthracene 

GC/MS EPA 8270C/D a a-Dimethylphenethylamine 

GC/MS EPA 8270C/D Acenaphthene 

GC/MS EPA 8270C/D Acenaphthylene 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D Acetophenone 

GC/MS EPA 8270C/D Aniline 

GC/MS EPA 8270C/D Anthracene 

GC/MS EPA 8270C/D Aramite 

GC/MS EPA 8270C/D Atrazine 

GC/MS EPA 8270C/D Azobenzene 

GC/MS EPA 8270C/D Benzaldehyde 

GC/MS EPA 8270C/D Benzidine 

GC/MS EPA 8270C/D Benzo(a)anthracene 

GC/MS EPA 8270C/D Benzo(a)pyrene 

GC/MS EPA 8270C/D Benzo(b)fluoranthene 

GC/MS EPA 8270C/D Benzo(g h i)perylene 

GC/MS EPA 8270C/D Benzo(k)fluoranthene 

GC/MS EPA 8270C/D Benzoic Acid 

GC/MS EPA 8270C/D Benzyl alcohol 

GC/MS EPA 8270C/D bis(2-Chloroethoxy)methane 

GC/MS EPA 8270C/D bis(2-Chloroethyl) ether 

GC/MS EPA 8270C/D bis(2-Chloroisopropyl) ether (2, 2`-Oxybis(1-
chloropropane)) 

GC/MS EPA 8270C/D bis(2-Ethylhexyl) phthalate (DEHP) 

GC/MS EPA 625; EPA 8270C/D Bis(2-Ethylhexyl)adipate 

GC/MS EPA 8270C/D Butyl benzyl phthalate 

GC/MS EPA 8270C/D Caprolactam 

GC/MS EPA 8270C/D Carbazole 

GC/MS EPA 8270C/D Chlorobenzilate 

GC/MS EPA 8270C/D Chrysene 

GC/MS EPA 8270C/D Diallate 

GC/MS EPA 8270C/D Dibenz(a h)anthracene 

GC/MS EPA 8270C/D Dibenzo(a,j)acridine 

GC/MS EPA 8270C/D Dibenzofuran 

GC/MS EPA 8270C/D Diethyl phthalate 

GC/MS EPA 8270C/D Diethyladipate 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D Dimethoate 

GC/MS EPA 8270C/D Dimethyl phthalate 

GC/MS EPA 8270C/D Di-n-butyl phthalate 

GC/MS EPA 8270C/D Di-n-octyl phthalate 

GC/MS EPA 8270C/D Dinoseb 

GC/MS EPA 8270C/D Disulfoton 

GC/MS EPA 8270C/D Ethyl methacrylate 

GC/MS EPA 8270C/D Ethyl methanesulfonate 

GC/MS EPA 8270C/D Ethyl parathion 

GC/MS EPA 8270C/D Famfur 

GC/MS EPA 8270C/D Fluoranthene 

GC/MS EPA 8270C/D Fluorene 

GC/MS EPA 8270C/D Hexachlorobenzene 

GC/MS EPA 8270C/D Hexachlorobutadiene 

GC/MS EPA 8270C/D Hexachlorocyclopentadiene 

GC/MS EPA 8270C/D Hexachloroethane 

GC/MS EPA 8270C/D Hexachlorophene 

GC/MS EPA 8270C/D Hexachloropropene 

GC/MS EPA 8270C/D Indeno(1, 2, 3-cd)pyrene 

GC/MS EPA 8270C/D Isodrin 

GC/MS EPA 8270C/D Isophorone 

GC/MS EPA 8270C/D Isosafrole 

GC/MS EPA 8270C/D Kepone 

GC/MS EPA 8270C/D Methapyriline 

GC/MS EPA 8270C/D Methyl methanesulfonate 

GC/MS EPA 8270C/D Methyl parathion 

GC/MS EPA 8270C/D Naphthalene 

GC/MS EPA 8270C/D Nitrobenzene 

GC/MS EPA 8270C/D n-Nitrosodiethylamine 

GC/MS EPA 8270C/D n-Nitrosodimethylamine 

GC/MS EPA 8270C/D n-Nitroso-di-n-butylamine 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D n-Nitrosodi-n-propylamine 

GC/MS EPA 8270C/D n-Nitrosodiphenylamine 

GC/MS EPA 8270C/D n-Nitrosomethylethylamine 

GC/MS EPA 8270C/D n-Nitrosomorpholine 

GC/MS EPA 8270C/D n-Nitrosopiperidine 

GC/MS EPA 8270C/D n-Nitrosopyrrolidine 

GC/MS EPA 8270C/D O, O, O-Triethyl phosphorothioate 

GC/MS EPA 8270C/D o,o-Diethyl o-2-pyrazinyl phosphorothioate 

GC/MS EPA 8270C/D o-Toluidine 

GC/MS EPA 8270C/D Pentachlorobenzene 

GC/MS EPA 8270C/D Pentachloronitrobenzene 

GC/MS EPA 8270C/D Pentachlorophenol 

GC/MS EPA 8270C/D Phenacetin 

GC/MS EPA 8270C/D Phenanthrene 

GC/MS EPA 8270C/D Phenol 

GC/MS EPA 8270C/D Phorate 

GC/MS EPA 8270C/D Pronamide 

GC/MS EPA 8270C/D Pyrene 

GC/MS EPA 8270C/D Pyridine 

GC/MS EPA 8270C/D Safrole 

GC/MS EPA 8270C/D Sulfotepp 

GC/MS EPA 8270C/D Thionazin 

GC/MS EPA 8270C/D SIM 1,1'-Biphenyl 
GC/MS EPA 8270C/D SIM 1,2,4,5-Tetrachlorobenzene 
GC/MS EPA 8270C/D SIM 1,4-Dioxane 
GC/MS EPA 8270C/D SIM 1-Methylnaphthalene 
GC/MS EPA 8270C/D SIM 2,2'-Oxybis(1-chloropropane 
GC/MS EPA 8270C/D SIM 2,3,4,6-Tetrachlorophenol 
GC/MS EPA 8270C/D SIM 2,4,5-Trichlorophenol 
GC/MS EPA 8270C/D SIM 2,4,6-Trichlorophenol 
GC/MS EPA 8270C/D SIM 2,4-Dichlorophenol 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D SIM 2,4-Dimethylphenol 
GC/MS EPA 8270C/D SIM 2,4-Dinitrophenol 
GC/MS EPA 8270C/D SIM 2,4-Dinitrotoluene 
GC/MS EPA 8270C/D SIM 2,6-Dinitrotoluene 
GC/MS EPA 8270C/D SIM 2-Chloronaphthalene 
GC/MS EPA 8270C/D SIM 2-Chlorophenol 
GC/MS EPA 8270C/D SIM 2-Methylnaphthalene 
GC/MS EPA 8270C/D SIM 2-Methylphenol 
GC/MS EPA 8270C/D SIM 2-Nitroaniline 
GC/MS EPA 8270C/D SIM 2-Nitrophenol 
GC/MS EPA 8270C/D SIM 3&4-Methylphenol 
GC/MS EPA 8270C/D SIM 3,3'-Dichlorobenzidine 
GC/MS EPA 8270C/D SIM 3-Nitroaniline 
GC/MS EPA 8270C/D SIM 4,6-Dinitro-2-methylphenol 
GC/MS EPA 8270C/D SIM 4-Bromophenyl-phenylether 
GC/MS EPA 8270C/D SIM 4-Chloro-3-methylphenol 
GC/MS EPA 8270C/D SIM 4-Chloroaniline 
GC/MS EPA 8270C/D SIM 4-Chlorophenyl-phenylether 
GC/MS EPA 8270C/D SIM 4-Nitroaniline 
GC/MS EPA 8270C/D SIM 4-Nitrophenol 
GC/MS EPA 8270C/D SIM Acenaphthene 
GC/MS EPA 8270C/D SIM Acenaphthylene 
GC/MS EPA 8270C/D SIM Acetophenone 
GC/MS EPA 8270C/D SIM Anthracene 
GC/MS EPA 8270C/D SIM Atrazine 
GC/MS EPA 8270C/D SIM Benzaldehyde 
GC/MS EPA 8270C/D SIM Benzo(a)anthracene 
GC/MS EPA 8270C/D SIM Benzo(a)pyrene 
GC/MS EPA 8270C/D SIM Benzo(b)fluoranthene 
GC/MS EPA 8270C/D SIM Benzo(g,h,i)perylene 
GC/MS EPA 8270C/D SIM Benzo(k)fluoranthene 
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Solid and Chemical Waste 

Technology Method Analyte 

GC/MS EPA 8270C/D SIM Bis(2-chloroethoxy)methane 
GC/MS EPA 8270C/D SIM Bis(2-chloroethyl)ether 
GC/MS EPA 8270C/D SIM Bis(2-ethylhexyl)phthalate 
GC/MS EPA 8270C/D SIM Butylbenzylphthalate 
GC/MS EPA 8270C/D SIM Caprolactam 
GC/MS EPA 8270C/D SIM Carbazole 
GC/MS EPA 8270C/D SIM Chrysene 
GC/MS EPA 8270C/D SIM Dibenzo(a,h)anthracene 
GC/MS EPA 8270C/D SIM Dibenzofuran 
GC/MS EPA 8270C/D SIM Diethylphthalate 
GC/MS EPA 8270C/D SIM Dimethyl phthalate 
GC/MS EPA 8270C/D SIM Di-n-butylphthalate 
GC/MS EPA 8270C/D SIM Di-n-octylphthalate 
GC/MS EPA 8270C/D SIM Fluoranthene 
GC/MS EPA 8270C/D SIM Fluorene 
GC/MS EPA 8270C/D SIM Hexachlorobenzene 
GC/MS EPA 8270C/D SIM Hexachlorobutadiene 
GC/MS EPA 8270C/D SIM Hexachlorocyclopentadiene 
GC/MS EPA 8270C/D SIM Hexachloroethane 
GC/MS EPA 8270C/D SIM Indeno(1,2,3-cd)pyrene 
GC/MS EPA 8270C/D SIM Isophorone 
GC/MS EPA 8270C/D SIM Naphthalene 
GC/MS EPA 8270C/D SIM Nitrobenzene 
GC/MS EPA 8270C/D SIM n-Nitroso-di-n-propylamine 
GC/MS EPA 8270C/D SIM n-Nitrosodiphenylamine 
GC/MS EPA 8270C/D SIM Pentachlorophenol 
GC/MS EPA 8270C/D SIM Phenanthrene 
GC/MS EPA 8270C/D SIM Phenol 
GC/MS EPA 8270C/D SIM Pyrene 

HPLC/UV EPA 8330A 1 ,3, 5-Trinitrobenzene 

HPLC/UV EPA 8330A 1, 3-Dinitrobenzene 
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Solid and Chemical Waste 

Technology Method Analyte 

HPLC/UV EPA 8330A 2, 4, 6-Trinitrotoluene 

HPLC/UV EPA 8330A 2, 4-Dinitrotoluene 

HPLC/UV EPA 8330A 2, 6-Dinitrotoluene 

HPLC/UV EPA 8330A 2-Amino-4, 6-dinitrotoluene 

HPLC/UV EPA 8330A 2-Nitrotoluene 

HPLC/UV EPA 8330A 3-Nitrotoluene 

HPLC/UV EPA 8330A 3,5-Dinitroaniline 

HPLC/UV EPA 8330A 4-Amino-2,6-dinitrotoluene 

HPLC/UV EPA 8330A 4-Nitrotoluene 

HPLC/UV EPA 8330A Ethylene glycol dinitrate (EGDN) 

HPLC/UV EPA 8330A Hexahydr-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) 

HPLC/UV EPA 8330A Nitrobenzene 

HPLC/UV EPA 8330A MOD Nitroglycerin 

HPLC/UV EPA 8330A Octahydro-1, 3, 5, 7-tetrazocine (HMX) 

HPLC/UV EPA 8330A Pentaerythritol Tetranitrate (PETN) 

HPLC/UV EPA 8330A Tetryl 

HPLC/UV 8330B (W/O Soil Grinding) 1, 3, 5-Trinitrobenzene 

HPLC/UV 8330B (W/O Soil Grinding) 1, 3-Dinitrobenzene 

HPLC/UV 8330B (W/O Soil Grinding) 2, 4, 6-Trinitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 2, 4-Dinitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 2, 6-Dinitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 2-Amino-4, 6 –Dinitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 2-Nitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 3-Nitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 3,5-Dinitroaniline 

HPLC/UV 8330B (W/O Soil Grinding) 4-Amino-2,3-Dinitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) 4-Nitrotoluene 

HPLC/UV 8330B (W/O Soil Grinding) Ethylene glycol dinitrate (EGDN) 

HPLC/UV 8330B (W/O Soil Grinding) Hexahydr-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) 

HPLC/UV 8330B (W/O Soil Grinding) Nitrobenzene 

HPLC/UV 8330B (W/O Soil Grinding) Nitroglycerin 
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Solid and Chemical Waste 

Technology Method Analyte 

HPLC/UV 8330B (W/O Soil Grinding) Octahydro-1, 3, 5, 7-tetrazocine (HMX) 

HPLC/UV 8330B (W/O Soil Grinding) Pentaerythritol Tetranitrate (PETN) 

HPLC/UV 8330B (W/O Soil Grinding) Tetryl 

CVAA EPA 7471B Mercury 

CVAF EPA 1631E Low Level Mercury 

ICP/AES EPA 6010B/C Aluminum 

ICP/AES EPA 6010B/C Antimony 

ICP/AES EPA 6010B/C Arsenic 

ICP/AES EPA 6010B/C Barium 

ICP/AES EPA 6010B/C Beryllium 

ICP/AES EPA 6010B/C Boron 

ICP/AES EPA 6010B/C Cadmium 

ICP/AES EPA 6010B/C Calcium 

ICP/AES EPA 6010B/C Chromium 

ICP/AES EPA 6010B/C Cobalt 

ICP/AES EPA 6010B/C Copper 

ICP/AES EPA 6010B/C Iron 

ICP/AES EPA 6010B/C Lead 

ICP/AES EPA 6010B/C Magnesium 

ICP/AES EPA 6010B/C Manganese 

ICP/AES EPA 6010B/C Molybdenum 

ICP/AES EPA 6010B/C Nickel 

ICP/AES EPA 6010B/C Potassium 

ICP/AES EPA 6010B/C Selenium 

ICP/AES EPA 6010B/C Silicon 

ICP/AES EPA 6010B/C Silver 

ICP/AES EPA 6010B/C Sodium 

ICP/AES EPA 6010B/C Strontium 

ICP/AES EPA 6010B/C Thallium 

ICP/AES EPA 6010B/C Tin 

ICP/AES EPA 6010B/C Titanium 
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Solid and Chemical Waste 

Technology Method Analyte 

ICP/AES EPA 6010B/C Vanadium 

ICP/AES EPA 6010B/C Zinc 

ICP/MS EPA 6020A Aluminum 

ICP/MS EPA 6020A Antimony 

ICP/MS EPA 6020A Arsenic 

ICP/MS EPA 6020A Barium 

ICP/MS EPA 6020A Beryllium 

ICP/MS EPA 6020A Boron 

ICP/MS EPA 6020A Cadmium 

ICP/MS EPA 6020A Calcium 

ICP/MS EPA 6020A Chromium 

ICP/MS EPA 6020A Cobalt 

ICP/MS EPA 6020A Copper 

ICP/MS EPA 6020A Iron 

ICP/MS EPA 6020A Lead 

ICP/MS EPA 6020A Magnesium 

ICP/MS EPA 6020A Manganese 

ICP/MS EPA 6020A Molybdenum 

ICP/MS EPA 6020A Nickel 

ICP/MS EPA 6020A Potassium 

ICP/MS EPA 6020A Selenium 

ICP/MS EPA 6020A Silver 

ICP/MS EPA 6020A Sodium 

ICP/MS EPA 6020A Strontium 

ICP/MS EPA 6020A Thallium 

ICP/MS EPA 6020A Tin 

ICP/MS EPA 6020A Titanium 

ICP/MS EPA 6020A Tungsten 

ICP/MS EPA 6020A Vanadium 

ICP/MS EPA 6020A Zinc 

IC EPA 9056A Chloride 
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Solid and Chemical Waste 

Technology Method Analyte 

IC EPA 9056A Fluoride 

IC EPA 9056A Nitrate as N 

IC EPA 9056A Nitrite as N 

IC EPA 9056A Orthophosphate 

IC EPA 9056A Sulfate 

Gravimetric EPA 9071A; EPA 9071B Oil and Grease, Oil and Grease with SGT 

Physical EPA 1010A Ignitability 

Physical EPA 9045D pH 

Titration EPA SW-846 Chapter 7.3.4 Reactive Sulfide 

Titration Walkley-Black Total Organic Carbon 

IR Lloyd Kahn Total organic carbon 

Turbidimetric EPA 9038; ASTM 516-02 Sulfate 

UV/VIS EPA 350.1; SM 4500NH3 H Ammonia as N 

UV/VIS EPA 9251; SM 4500Cl E Chloride 

UV/VIS EPA SW-846 Chapter 7.3.4 Reactive Cyanide 

UV/VIS EPA 821/R-91-100 AVS-SEM 

UV/VIS SM 3500Fe D Ferrous Iron 

Cleanup Methods EPA 3630C Silica Gel 

UV/VIS EPA 7196 Chromium VI 

UV/VIS EPA 7196A Chromium VI 

UV/VIS EPA 9012B Total cyanide 

Preparation Method Type 

Preparation EPA 1311 Toxicity Characteristic Leaching Procedure 

Preparation EPA 1312 Synthetic Precipitation Leaching Procedure 

Cleanup Methods EPA 3660B Sulfur Clean-up 

Cleanup Methods EPA 3620C Florsil Clean-up 

Cleanup Methods EPA 3630C Silica Gel Clean-up 

Cleanup Methods EPA 3640A GPC Clean-up 

Organic Preparation EPA 3540C Soxhlet Extraction 

Organic Preparation EPA 3545A Pressurized Fluid Extraction 
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Solid and Chemical Waste 

Technology Method Analyte 

Organic Preparation EPA 3546 Microwave Extraction Preparation for EPA 8082A, 
8081B and 8270C, D 

Organic Preparation EPA 3550C Sonication 
Inorganics 
Preparation EPA 3050B Hotblock 

Inorganics Preparation EPA 3060A Alkaline Digestion 
Volatile Organics 

Preparation EPA 5035/5035A Closed System Purge and Trap 

 

Air 

Technology Method Analyte 

GC/MS EPA TO-15 Propene 

GC/MS EPA TO-15 1, 1, 1-Trichloroethane 

GC/MS EPA TO-15 1, 1, 2, 2-Tetrachloroethane 

GC/MS EPA TO-15 1, 1, 2-Trichloroethane 

GC/MS EPA TO-15 1, 1-Dichloroethane 

GC/MS EPA TO-15 1, 1-Dichloroethylene 

GC/MS EPA TO-15 1, 2, 4-Trichlorobenzene 

GC/MS EPA TO-15 1, 2, 4-Trimethylbenzene 

GC/MS EPA TO-15 1, 2-Dibromoethane (EDB) 

GC/MS EPA TO-15 1,2-Dichloro-1,1,2,2-tetrafluoroethane (Freon 114) 

GC/MS EPA TO-15 1, 2-Dichlorobenzene 

GC/MS EPA TO-15 1, 2-Dichloroethane 

GC/MS EPA TO-15 1, 2-Dichloroethenes (Total) 

GC/MS EPA TO-15 1, 2-Dichloropropane 

GC/MS EPA TO-15 1, 3, 5-Trimethylbenzene 

GC/MS EPA TO-15 1, 3-Butadiene 

GC/MS EPA TO-15 1, 3-Dichlorobenzene 

GC/MS EPA TO-15 1, 4-Dichlorobenzene 

GC/MS EPA TO-15 1,4-Difluorobenzene 

GC/MS EPA TO-15 1, 4-Dioxane 

GC/MS EPA TO-15 2-Butanone 

GC/MS EPA TO-15 2-Hexanone 
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Air 

Technology Method Analyte 

GC/MS EPA TO-15 2-Propanol 

GC/MS EPA TO-15 4-Ethyltoluene 

GC/MS EPA TO-15 4-Methyl-2-pentanone 

GC/MS EPA TO-15 Acetone 

GC/MS EPA TO-15 Acrolein 

GC/MS EPA TO-15 Benzene 

GC/MS EPA TO-15 Benzyl chloride 

GC/MS EPA TO-15 Bromochloromethane 

GC/MS EPA TO-15 Bromodichloromethane 

GC/MS EPA TO-15 Bromoform 

GC/MS EPA TO-15 Carbon disulfide 

GC/MS EPA TO-15 Carbon tetrachloride 

GC/MS EPA TO-15 Chlorobenzene 

GC/MS EPA TO-15 Chloroethane 

GC/MS EPA TO-15 Chloroform 

GC/MS EPA TO-15 Cis-1, 2-Dichloroethene 

GC/MS EPA TO-15 Cis-1, 3-Dichloropropene 

GC/MS EPA TO-15 Cyclohexane 

GC/MS EPA TO-15 Dibromochloromethane 

GC/MS EPA TO-15 Dichlorodifluoromethane (Freon 12) 

GC/MS EPA TO-15 Ethanol 

GC/MS EPA TO-15 Ethyl acetate 

GC/MS EPA TO-15 Ethylbenzene 

GC/MS EPA TO-15 Hexachlorobutadiene 

GC/MS EPA TO-15 Isopropyl alcohol 

GC/MS EPA TO-15 m, p-Xylene 

GC/MS EPA TO-15 Methyl bromide (Bromomethane) 

GC/MS EPA TO-15 Methyl chloride (Chloromethane) 

GC/MS EPA TO-15 Methyl methacrylate 

GC/MS EPA TO-15 Methyl tert-butyl ether 

GC/MS EPA TO-15 Methylene chloride 
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Air 

Technology Method Analyte 

GC/MS EPA TO-15 Naphthalene 

GC/MS EPA TO-15 n-Heptane 

GC/MS EPA TO-15 n-Hexane 

GC/MS EPA TO-15 o-Xylene 

GC/MS EPA TO-15 Styrene 

GC/MS EPA TO-15 Tetrachloroethylene (Perchloroethylene) 

GC/MS EPA TO-15 Tetrahydrofuran 

GC/MS EPA TO-15 Toluene 

GC/MS EPA TO-15 trans-1, 2-Dichloroethylene 

GC/MS EPA TO-15 trans-1, 3-Dichloropropylene 

GC/MS EPA TO-15 Trichloroethene (Trichloroethylene) 

GC/MS EPA TO-15 Trichlorofluoromethane (Freon 11) 

GC/MS EPA TO-15 1,1,2-Trichloro1,2,2-trifluoroethane (Freon 113) 

GC/MS EPA TO-15 Vinyl acetate 

GC/MS EPA TO-15 Vinyl chloride 

GC/MS EPA TO-15 Xylenes (Total) 
 
Notes: 
 

1) This laboratory offers commercial testing service. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved by:           Date: 
                                 R. Douglas Leonard 

February 1, 2013 

                              Chief Technical Officer 
 
Re-issued: 2/1/13 
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DEPARTMENT OF HEALTH 
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KATAHDIN ANALYTICAL SERVICES INC 
600 TECHNOLOGY WAY 

SCARBOROUGH ME 04074 
Laboratory Director: DEBORAH NADEA U 

for the analysis of: 	Potable Water Organic Chemistry - Potable Water Inorganic Chemistry Non-potable Water Organic 
Chemistry - Non-potable Water Inorganic Chemistry - 

This certificate is issued, pursuant to Rhode Island General Laws 23-16.2 and supersedes all previous Rhode Island certificates issued 
to this laboratory. Certification is no guarantee of the validity of the laboratory results. 

This certificate is valid only when accompanied by the certificate and list of analytes and methods for which certification has been 
granted based upon the following out of state certification(s): 

Certifying Authority 	 certification Number` 	 Expiration Date 
HAHNE 	 ME0019 	 06/01/2014 

NH 	 200112 	 04/02/2013 

KATAHDIN ANALYTICAL SERVICES INC is responsible for maintaining each of the certifications listed above. Failure to notify the 
Laboratory Certification Officer of any change in the status of these certifications may result in the suspension or revocation of certification. 
Contact the Laboratory Certification Officer to verify the current certification status of this laboratory. 

Michael Fine, MD 
Director of Health 

Expires: 12/30/2013 
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1.0 SCOPE AND APPLICATION 
 

This method describes a closed-system purge-and-trap process for the analysis of volatile 
organic compounds (VOCs) in solid materials (e.g., soils, sediments, and solid waste).  
While the method is designed for use on samples containing low levels of VOCs, 
procedures are also provided for collecting and preparing solid samples containing high 
concentrations of VOCs and for oily  wastes.  For these high concentration and oily 
materials, sample collection and preparation are performed using the procedures described 
here, and sample introduction is performed using the aqueous purge-and-trap procedure in 
Method 5030.  These procedures may be used in conjunction with any appropriate 
determinative gas chromatographic procedure, including, but not limited to, Methods 8015, 
8021, and 8260. 

 
The low soil method utilizes a hermetically sealed sample vial, the seal of which is never 
broken from the time of sampling to the time of analysis.  Since the sample is never 
exposed to the atmosphere after sampling, the losses of VOCs during sample transport, 
handling, and analysis are negligible.  The applicable concentration range of the low soil 
method is dependent on the determinative method, matrix, and compound.  However, it will 
generally fall in the 5.0 to 200 µg/kg range. 

 
Procedures are included for preparing high concentration samples for purging by Method 
5030.   High concentration samples are those containing VOC levels of >200 µg/kg. 

 
 Procedures are also included for addressing oily wastes that are soluble in a water-miscible 
 solvent by method 3585.  These samples are also purged using Method 5030. 
 

Method 5035 can be used for most volatile organic compounds that have boiling points 
below  200°C and that are insoluble or slightly soluble in water.  Volatile, water-soluble 
compounds can be included in this analytical technique.  However, quantitation limits (by 
GC or GC/MS) are approximately ten times higher because of poor purging efficiency. 

 
The closed-system purge-and-trap equipment employed for low concentration samples is 
not appropriate for soil samples preserved in the field with methanol.  Such samples should 
be analyzed using Method 5030 (see the note in Sec. 6.2.2). 

 
1.1 Definitions 
 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced in 
the analyses using Methods 5030, 5035 and 3585.  Each analyst must demonstrate and 
document their ability to generate acceptable results with this method.  Refer to 
Katahdin SOP QA-805, current revision, “Personnel Training & Demonstration of 
Capability”. 
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It is the responsibility of all Katahdin technical personnel involved in analysis of soils 
by method 5035 to read and understand this SOP, adhere to the procedures 
outlined, and to properly document their data in the appropriate lab notebook.  Any 
deviations from the test or irregularities with the samples should also be recorded in the 
lab notebook and reported to the department manager or designated qualified data 
reviewer responsible for this data. 

 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes.  The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a potential 
health hazard.  A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis.  Everyone involved with the procedure must 
be familiar with the MSDSs (material safety data sheets) for all the materials used in this 
procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and lab 
coats when working with chemicals or near an instrument and not taking food or drink 
into the laboratory.  Each analyst should know the location of all safety equipment.  
Each analyst shall receive a safety orientation from their department manager, or 
designee, appropriate for the job functions they will perform.  
 

1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention techniques 
to address their waste generation.  Refer to the current revision of the Katahdin 
Hazardous Waste Management Plan for further details on pollution prevention 
techniques. 

 
After analysis, partially-filled VOA vials and sample jars are returned to the 
appropriate refrigerators to be disposed of in adherence with the Katahdin 
Hazardous Waste Management Plan and Safety Manual and SOP SD-903, Sample 
Disposal, current revision.  Expired standards are lab packed, placed in the Katahdin 
hazardous waste storage area, and disposed of in accordance with this SOP SD-
903. 
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Sample aliquots used for analysis are disposed of in accordance with SOP SD-903 
and the Katahdin Hazardous Waste Management Plan and Safety Manual.  The soil 
samples must be decanted and the soil fraction disposed of separately in compliance 
with Katahdin’s disposal policies. 

  
 
2.0 SUMMARY OF METHOD 
 

2.1 Low concentration soil method - generally applicable to and soils and other solid 
samples with VOC concentrations in the range of 5.0 to 200 µg/kg.  Volatile organic 
compounds (VOCs) are determined by collecting an approximately 5-g sample, 
weighed in the field at the time of collection, and placing it in a pre-weighed vial with 
a septum-sealed screw-cap (see Sec. 4) that already contains a stirring bar and a 
sodium bisulfate or organic-free laboratory reagent grade water preservative 
solution.  If the samples are sent to the laboratory in an Encore sampling device, the 
laboratory extrudes the sample into this vial containing a stirring bar and a sodium 
bisulfate or organic-free laboratory reagent grade water preservative solution.  The 
entire vial is then placed, unopened, into the instrument carousel.  Immediately 
before analysis, organic-free laboratory reagent grade water, surrogates, and 
internal standards (if applicable) are automatically added without opening the 
sample vial.  The vial containing the sample is heated to 40° and the volatiles 
purged into an appropriate trap using an inert gas combined with agitation of the 
sample.  Purged components travel via a transfer line to a trap.  When purging is 
complete, the trap is heated and backflushed with helium to desorb the trapped 
sample components into a gas chromatograph for analysis by an appropriate 
determinative method. 

 
2.2 High concentration soil method - generally applicable to soils and other solid 

samples with VOC concentrations greater than 200 µg/kg.  The sample introduction 
technique in Sec. 2.1 is not applicable to all samples, particularly those containing 
high concentrations (generally greater than 200 µg/kg) of VOCs which may overload 
either the volatile trapping material or exceed the working range of the determinative 
instrument system (e.g., GC/MS, GC/FID, GC/EC, etc.).  In such instances, this 
method describes two sample collection options and the corresponding sample 
purging procedures. 

 
2.2.1  The first option is to collect a bulk sample in a vial or other suitable container 

without the use of the preservative solution described in Sec. 2.1.  A portion 
of that sample is removed from the container in the laboratory and is 
dispersed in a water-miscible solvent (e.g., methanol) to dissolve the volatile 
organic constituents.  An aliquot of the solution is added to 20 mL of 
laboratory reagent grade water in a purge tube.  Surrogates and internal 
standards (if applicable) are added to the solution, then purged using 
Method 5030, and analyzed by an appropriate determinative method.  
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Because the procedure involves opening the vial and removing a portion of 
the soil, some volatile constituents may be lost during handling. 

 
2.2.2  The second option is to collect an approximately 5-g sample in a pre-

weighed vial with a septum-sealed screw-cap (see Sec 4) that contains a 
known aliquot of a water-miscible organic solvent (e.g., methanol).  An 
aliquot of the solution is added to 20 mL of laboratory reagent grade water in 
a purge tube.  Surrogates and internal standards (if applicable) are added to 
the solution, then purged using Method 5030, and analyzed by an 
appropriate determinative method.   

 
2.3 High concentration oily waste method - generally applicable to oily samples with 

VOC concentrations greater than 200 µg/kg that can be diluted in a water-miscible 
solvent.  Samples that are comprised of oils or samples that contain significant 
amounts of oil present additional analytical challenges.  This procedure is generally 
appropriate for such samples when they are soluble in a water-miscible solvent. 

 
2.3.1  After demonstrating that a test aliquot of the sample is soluble in methanol, a 

separate aliquot of the sample is diluted in the appropriate solvent.  An 
aliquot of the solution is added to 20 mL of laboratory reagent grade water in 
a purge tube, taking care to ensure that a floating layer of oil is not present in 
the purge tube.  Internal standards (if applicable) and surrogates are added 
to the solution that is then purged using Method 5030 and analyzed by an 
appropriate determinative method. 

 
2.3.2  Samples that contain oily materials that are not soluble in water-miscible 

solvents must be prepared in n-hexandecane according to Method 3585. 
  
 
3.0 INTERFERENCES 

 
3.1  Impurities in the purge gas and from organic compounds out-gassing from the 

plumbing ahead of the trap account for the majority of contamination problems.  The 
analytical system must be demonstrated to be free from contamination under the 
conditions of the analysis by running method blanks.  The use of non-
polytetrafluoroethylene (non-PTFE) plastic coating, non-PTFE thread sealants, or 
flow controllers with rubber components in the purging device must be avoided, 
since such materials out-gas organic compounds which will be concentrated in the 
trap during the purge operation.  These compounds will result in interferences or 
false positives in the determinative step. 

 
3.2 Samples can be contaminated by diffusion of volatile organics (particularly 

methylene chloride and fluorocarbons) through the septum seal of the sample vial 
during shipment and storage.  A trip blank prepared from organic-free laboratory 
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reagent grade water or water miscible solvent and carried through sampling and 
handling protocols serves as a check on such contamination. 

 
3.3  Contamination by carryover can occur whenever high-concentration and low-

concentration samples are analyzed in sequence.  Where practical, samples with 
unusually high concentrations of analytes should be followed by an analysis of 
organic-free laboratory reagent grade water to check for cross-contamination.  If the 
target compounds present in an unusually concentrated sample are also found to be 
present in the subsequent samples, the analyst must demonstrate that the 
compounds are not due to carryover.  Conversely, if those target compounds are 
not present in the subsequent sample, then the analysis of organic-free laboratory 
reagent grade water is not necessary. 

 
3.4 The laboratory where volatile analysis is performed should be free of solvents.  The 

analytical and sample storage area should be isolated from all atmospheric sources 
of methylene chloride, otherwise random background levels will result.  Since 
methylene chloride will permeate through PTFE tubing, all GC carrier gas lines and 
purge gas plumbing should be constructed of stainless steel or copper tubing.  
Laboratory workers' clothing previously exposed to methylene chloride fumes during 
common liquid/liquid extraction procedures can contribute to sample contamination.  
The presence of other organic solvents in the laboratory where volatile organics are 
analyzed will also lead to random background levels and the same precautions 
must be taken. 

  
 
4.0 APPARATUS AND MATERIALS 
 
 4.1  Sample Containers 
 

A standard 40 ml VOA vial is used (e.g. ESS pre-cleaned certified 40 ml clear Type I 
borosilicate glass vials, open-top/polypropylene with 0.125 inch septa). 
 

 4.2  Purge-and-Trap System 
 

The purge-and-trap system consists of a unit that automatically adds water, 
surrogates, and internal standards to a vial containing the sample, purges the VOCs 
using an inert gas stream while agitating the contents of the vial, and also traps the 
released VOCs for subsequent desorption into the gas chromatograph.  The Purge 
and Trap autodampler systems at Katahdin meet the following criteria: 

 
4.2.1 The purging device should be capable of accepting a vial sufficiently large to 

contain a 5-g soil sample plus a magnetic stirring bar and 10 mL of water.  
The device must be capable of heating a soil vial to 40°C and holding it at 
that temperature while the inert purge gas is allowed to pass through the 
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sample.  The device should also be capable of introducing at least 20 mL of 
organic-free laboratory reagent grade water into the sample vial while 
trapping the displaced headspace vapors.  It must also be capable of 
agitating the sealed sample during purging, (e.g., using a magnetic stirring 
bar added to the vial prior to sample collection, sonication, or other means).  
The analytes being purged must be quantitatively transferred to an absorber 
trap.  The trap must be capable of transferring the absorbed VOCs to the 
gas chromatograph (see 4.2.2). 

 
4.2.2 A variety of traps and trapping materials may be employed with this method.  

The choice of trapping material may depend on the analytes of interest.  
Whichever trap is employed; it must demonstrate sufficient adsorption and 
desorption characteristics to meet the quantitation limits of all the target 
analytes for a given project and the QC requirements in Method 8000 and 
the determinative method.  The most difficult analytes are generally the 
gases, especially dichlorodifluoromethane.  The trap must be capable of 
desorbing the late eluting target analytes. 

 
NOTE: Check the responses of the brominated compounds when using alternative 

charcoal traps (especially Vocarb 4000), as some degradation has been 
noted when higher desorption temperatures (especially above 240°C - 
250°C) are employed.  2-Chloroethyl vinyl ether is degraded on Vocarb 4000 
but performs adequately when Vocarb 3000 is used.  The primary criterion, 
as stated above, is that all target analytes meet the sensitivity requirements 
for a given project. 

 
4.2.2.1 The standard trap used in other EPA purge-and-trap methods is also 

acceptable.  That trap is 29 - 30 cm long and has an inside diameter 
of at least 0.105 in.  Starting from the inlet, the trap contains the 
equal amounts of the adsorbents listed below.  It is recommended 
that 1.0 cm of methyl silicone-coated packing (35/60 mesh, Davison, 
grade 15 or equivalent) be inserted at the inlet to extend the life of 
the trap.  If the analysis of dichlorodifluoromethane or other 
fluorocarbons of similar volatility is not required, then the charcoal 
can be eliminated and the polymer increased to fill 2/3 of the trap.  If 
only compounds boiling above 35° are to be analyzed, both the silica 
gel and charcoal can be eliminated and the polymer increased to fill 
the entire trap. 

 
    4.2.2.1.1 2,6-Diphenylene oxide polymer - 60/80 mesh, 
           chromatographic grade (Tenax GC or equivalent). 
 

4.2.2.1.2  Methyl silicone packing - OV-1 (3%) on Chromosorb-
W, 60/80 mesh or equivalent. 
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    4.2.2.1.3  Coconut charcoal - Prepare from Barnebey Cheney, 

CA-580-26, or equivalent, by crushing through 26 
mesh screen. 

  
4.2.2.2 Trapping materials other than those listed above also may be 

employed, provided that they meet the specifications in Sec. 4.2.3, 
below. 

 
4.2.3 The desorber for the trap must be capable of rapidly heating the trap to the 

temperature recommended by the trap material manufacturer, prior to the 
beginning of the flow of desorption gas.  Several commercial desorbers 
(purge- and-trap units) are available. 

 
 4.3  Syringe and Syringe Valves 
 

4.3.1  25-mL glass hypodermic syringes with Luer-Lok (or equivalent) tip (other 
sizes are acceptable depending on sample volume used). 

 
4.3.2 25-µL micro syringe with a 2 inch x 0.006 inch ID, 22° bevel needle 

(Hamilton #702N or equivalent). 
 
  4.3.3  Micro syringes - 10-, 100-µL. 
 

4.3.4 Syringes - 0.5-, 1.0-, and 5-mL, gas-tight. 
 

 4.4  Miscellaneous 
 
  4.4.1  Glass vials 
 

4.4.1.1 60-mL, septum-sealed, to collect samples for screening, dry weight 
determination. 

 
4.4.1.2 40-mL, screw-cap, PTFE lined, septum-sealed.  Examine each vial 

prior to use to ensure that the vial has a flat, uniform sealing surface. 
 
  4.4.2  Top-loading balance - Capable of accurately weighing to 0.1 g. 
 

4.4.3  Glass scintillation vials - 20-mL, with screw-caps and PTFE liners, or glass 
culture tubes with screw-caps and PTFE liners, for dilution of oily waste 
samples. 

 
            4.4.4    Volumetric flasks - Class A, 10-mL and 100-mL, with ground glass stoppers. 
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4.4.5 2-mL glass vials, for GC autosampler - Used for oily waste samples 
extracted with methanol or PEG. 

 
  4.4.6  Spatula, stainless steel - narrow enough to fit into a sample vial. 
 
  4.4.7  Disposable Pasteur pipettes. 
 

4.4.8  Magnetic stirring bars - PTFE- or glass-coated, of the appropriate size to fit 
the sample vials.  Consult manufacturer’s recommendation for specific 
stirring bars.  Stirring bars may be reused, provided that they are thoroughly 
cleaned between uses.  Consult the manufacturers of the purging device 
and the stirring bars for suggested cleaning procedures. 

 
 4.5  Field Sampling Equipment 
 
  4.5.1  EnCoreTM  sampler -  (En Chem, Inc.,  1795 Industrial Drive,  Green Bay, WI 
   54302), or equivalent. 
 

4.5.2 Alternatively, disposable plastic syringes with a barrel smaller than the neck 
of the soil vial may be used to collect the sample.  The syringe end of the 
barrel is cut off prior to sampling.  One syringe is needed for each sample 
aliquot to be collected. 

 
  4.5.3  Portable balance - For field use, capable of weighing to 0.01 g. 
 

4.5.4 Balance weights - Balances employed in the field should be checked against 
an appropriate reference weight at least once daily, prior to weighing any 
samples, or as described in the sampling plan.  The specific weights used 
will depend on the total weight of the sample container, sample, stirring bar, 
laboratory reagent grade water added, cap, and septum. 

   
 
5.0 REAGENTS 
 

5.1  Organic-free laboratory reagent grade water - All references to water in this method 
refer to organic-free laboratory reagent grade water. 

 
5.2  Methanol, CH3OH - purge-and-trap quality or equivalent.  Store away from other 

solvents. 
    
 5.3  Sodium bisulfate, NaHSO4 - ACS reagent grade or equivalent. 
 

5.4 Polyethylene glycol (PEG), H(OCH2CH2)nOH – free of interferences at the detection 
limit of the target analytes. 



KATAHDIN ANALYTICAL SERVICES, INC.                                              SOP Number: CA-214-06 
STANDARD OPERATING PROCEDURE                                                  Date Issued: 03/12 
                                                                                                                   Page 12 of 21 
   
 
TITLE: CLOSED-SYSTEM PURGE-AND-TRAP AND EXTRACTION FOR VOLATILE ORGANICS 

IN SOIL AND WASTE SAMPLES USING SW846 METHOD 5035 
  
   

5.5 See the determinative method for guidance on internal standards and surrogates to 
be employed in this procedure. 

  
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

The low concentration portion of this method employs sample vials that are filled and 
weighed in the field and never opened during the analytical process.  As a result, sampling 
personnel should be equipped with a portable balance capable of weighing to 0.01 g. 

6.1  Preparation of sample vials 
 
 The specific preparation procedures for sample vials depend on the expected 

concentration range of the sample, with separate preparation procedures for low 
concentration soil samples and high concentration soil and solid waste samples.  
Sample vials should be prepared in a fixed laboratory or other controlled 
environment, sealed, and shipped to the field location.  Gloves should be worn 
during the preparation steps. 

 
 Because volatile organics will partition into the headspace of the vial from the 

aqueous solution and will be lost when the vial is opened, surrogates, matrix spikes, 
and internal standards should only be added to the vials back in the laboratory, 
either manually by puncturing the septum with a small-gauge needle or 
automatically by the sample introduction system, just prior to analysis. 

6.1.1 Low concentration soil samples 
 

Sodium bisulfate preservation is used in the preparation of vials used in the 
collection of low concentration soil samples to be analyzed by the closed-
system purge-and-trap equipment described in Method 5035. 
 
Water and subsequent freezing preparation of vials is used in the collection 
of low concentration soil samples known to contain carbonate minerals 
which may effervesce upon contact with an acidic preservation solution and 
which are to be analyzed by the closed-system purge-and-trap equipment 
described in Method 5035.  This type of preservation is typically done in the 
lab after Encore samplers are received from the field.  This must be done 
within 48 hours of sampling. 
 
6.1.1.1 Add a clean magnetic stirring bar to each clean vial. 
 
6.1.1.2 The preservative is added to each vial prior to shipping the vial to the 

field.  Add 20 mL of 20% sodium bisulfate solution or 20 mL of water 
to the vial and seal the vial with the screw-cap and septum seal. 
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6.1.1.3 Affix a label to each vial.  This eliminates the need to label the vials in 
the field and assures that the tare weight of the vial includes the 
label.  (The weight of any markings added to the label in the field is 
negligible).  It is important that labels and tape not cover the junction 
of the screw top and vial.  Labels and tape must also be applied 
smoothly (i.e. no wrinkles) to prevent autosampler failures. 

6.1.1.4 Weigh the prepared vial to the nearest 0.1 g and record it on the 
label. 

 
6.1.2 High concentration soil samples in methanol:  

 
6.1.2.1 When high concentration samples are collected without a 

preservative, a variety of sample containers may be employed, 
including 40-mL glass vials with septum seals (see Sec. 4.4). 

 
6.1.2.2 The following steps apply to the preparation of vials used in the 

collection of high concentration soil samples to be preserved in the 
field with methanol and analyzed by the aqueous purge-and-trap 
equipment described in Method 5030. 

 
6.1.2.3 Add 5 mL of methanol to each vial. 
 
6.1.2.4 Seal the vial with the screw-cap and septum seal. 
 
6.1.2.5 Affix a label to each vial.  This eliminates the need to label the vials in 

the field and assures that the tare weight of the vial includes the 
label.  (The weight of any markings added to the label in the field is 
negligible). 

 
6.1.2.6 Weigh the prepared vial to the nearest 0.01 g and record it on the 

label. 
 

NOTE: Vials containing methanol should be weighed a second time on the day that 
they are to be  used.  Vials found to have lost methanol (reduction in weight of >0.01 
g) should not be used for sample collection. 

 
6.1.3 Oily waste samples 

 
When oily waste samples are known to be soluble in methanol, sample vials 
may be prepared as described in Sec. 6.1.2.2, using the appropriate solvent.  
However, when the solubility of the waste is unknown, the sample should be 
collected without the use of a preservative, in a vial such as that described in 
Sec. 6.1.2.1. 
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6.2 Sample collection 
 

Collect the sample according to the procedures outlined in the sampling plan.  As 
with any sampling procedure for volatiles, care must be taken to minimize the 
disturbance of the sample in order to minimize the loss of the volatile components.  
Several techniques may be used to transfer a sample to the relatively narrow 
opening of the low concentration soil vial.  These include devices such as the 
EnCoreTM sampler, the Purge-and-Trap Soil SamplerTM , and a cut plastic syringe.  
Always wear gloves whenever handling the tared sample vials. 
 

6.3 Sample handling and shipment 
 

All samples for volatiles analysis should be cooled to approximately 4°C, packed in 
appropriate containers, and shipped to the laboratory on ice, as described in the 
sampling plan.  Samples should be shipped on the day of sampling if at all possible. 

 
6.4  Sample storage 

 
6.4.1  Once in the laboratory, store samples at 4°C until analysis.  The sample 

storage area should be free of organic solvent vapors. 
 

6.4.2  All samples should be analyzed as soon as practical, and within the 
designated holding time from collection.  Samples not analyzed within the 
designated holding time must be noted and the data are considered 
minimum values. 
 

6.4.3 When the low concentration samples are strongly alkaline or highly 
calcareous in nature, the sodium bisulfate preservative solution may not be 
strong enough to reduce the pH of the soil/water solution to below 2.  
Therefore, when low concentration soils to be sampled are known or 
suspected to be strongly alkaline or highly calcareous, additional steps may 
be required to preserve the samples.  Such steps include: addition of larger 
amounts of the sodium bisulfate preservative to non-calcareous samples, or 
the addition of 5 mL of water and storage at -10° (taking care not to fill the 
vials so full that the expansion of the water in the vial breaks the vial), or 
significantly reducing the maximum holding time for low concentration soil 
samples. 

   
 
7.0 PROCEDURES 
 

This section describes procedures for the low concentration soil method, the high 
concentration  soil method, and the procedure for oily waste samples.  High concentration 
samples are to be introduced into the GC system using Method 5030.  Oily waste samples 
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are to be introduced into the GC system using Method 5030 if they are soluble in a water-
miscible solvent, or using Method 3585 if they are not.   
 
For the high concentration soil and oily waste samples, the surrogate compounds may 
either be spiked into the solvent at the time of extraction or the laboratory reagent grade 
water containing an aliquot of the extract prior to analysis. 
 
Please refer to Katahdin Analytical Services SOP CA-108, “Basic Laboratory Technique”, 
current revision, for more information on subsampling. 

 
7.1 Low concentration soil method (Approximate concentration range of 5 to 200 µg/kg -

the concentration range is dependent upon the determinative method and the 
sensitivity of each analyte.) 

 
  7.1.1  Purge and Trap Autosampler Operation 
 

Prior to using this introduction technique for any GC or GC/MS method, the 
system must be calibrated by the analytical method to be used.  When a 
GC/MS method is used, internal standard calibration is employed. 

 
7.1.1.1 Establish the purge-and-trap instrument operating conditions.  

Adjust the instrument to inject 10 mL of water, to heat the sample 
to 40°C, and to hold the sample at 40°C for 1.5 minutes before 
commencing the purge process, or as recommended by the 
instrument manufacturer. 

 
7.1.1.2 Carry out the purge-and-trap procedure as outlined in Secs. 7.1.2. 

to 7.1.4. 
 

7.1.2 Sample purge-and-trap 
 

This method is designed for a 5-g sample size, but smaller sample sizes 
may be used.  The soil vial is hermetically sealed at the sampling site, and 
MUST remain sealed in order to guarantee the integrity of the sample.  
Gloves must be worn when  handling the sample vial since the vial has 
been tared.  If any soil is noted on the vial or cap, it must be carefully 
removed prior to weighing.  Weigh the vial and contents to the nearest 0.01 
g, even if the sample weight was determined in the field, and record this 
weight.  This second weighing provides a check on the field sampling 
procedures and provides additional assurance that the reported sample 
weight is accurate.  Data users should be advised on significant 
discrepancies between the field and laboratory weights. 
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7.1.2.1   Remove the sample vial from storage and allow it to warm to room 
temperature.  Shake the vial gently, to ensure that the contents 
move freely and that stirring will be effective.  Place the sample vial 
in the instrument carousel according to the manufacturer's 
instructions. 

 
7.1.2.2   Without disturbing the hermetic seal on the sample vial, add 10 mL 

of organic-free laboratory reagent grade water, the internal 
standards, and the surrogate compounds.  This is carried out either 
manually or using the automated sampler.  Other volumes of 
organic-free laboratory reagent grade water may be used.  However, 
it is imperative that all samples, blanks, and calibration standards 
have exactly the same final volume of organic-free laboratory 
reagent grade water.  Prior to purging, heat the sample vial to 40°C 
for 1.5 minutes, or as described by the manufacturer. 

 
7.1.2.3 For the sample selected for matrix spiking, add the matrix spiking 

solution described in Sec. 5.0 of Method 5000, either manually, or 
automatically, following the manufacturer's instructions. 

 
7.1.2.4   Purge the sample with helium or another inert gas at a flow rate of 

up to 40 mL/minute (the flow rate may vary from 20 to 40 mL/min, 
depending on the target analyte group) for 11 minutes while the 
sample is being agitated with the magnetic stirring bar or other 
mechanical means.  The purged analytes are allowed to flow out of 
the vial through a transfer line to a trap packed with suitable sorbent 
materials. 

 
  7.1.3  Sample Desorption 
 

7.1.3.1 Non-cryogenic interface - After the 11 minute purge, place the purge-
and-trap system in the desorb mode and preheat the trap to 245°C 
without a flow of desorption gas.  Start the flow of desorption gas at 
10 mL/minute for about four minutes.  Begin the temperature 
program of the gas chromatograph and start data acquisition. 

 
  7.1.4 Trap Reconditioning 
 

After desorbing the sample for 1 to 4 minutes, recondition the trap by 
returning the purge-and-trap system to the purge mode.  Maintain the trap 
temperature at 245°C (or other temperature recommended by the 
manufacturer of the trap packing materials).  After approximately 10 minutes, 
turn off the trap heater and halt the purge flow through the trap.  When the 
trap is cool, the next sample can be analyzed. 
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7.2  High concentration method for soil samples with concentrations generally greater 
than 200 µg/kg. 

 
The high concentration method for soil is based on a solvent extraction.  A solid 
sample is either extracted or diluted, depending on sample solubility in a water-
miscible solvent.  An aliquot of the extract is added to organic-free laboratory 
reagent grade water containing surrogates, internal and matrix spiking standards 
(added manually or by the autosampler), purged according to Method 5030, and 
analyzed by an appropriate determinative method.  The specific sample preparation 
steps depend on whether or not the sample was preserved in the field.  Samples 
that were not preserved in the field are prepared using the steps below, beginning at 
Sec. 7.2.1.  If solvent preservation was employed in the field, then the preparation 
begins with Sec. 7.2.4. 

 
7.2.1  When the high concentration sample is not preserved in the field, the sample 

consists of the entire contents of the sample container.  Do not discard any 
supernatant liquids.  Remove a representative aliquot with a spatula. 

 
7.2.2  For soil and solid waste samples that are soluble in methanol, add 5.0 g (wet 

weight) of sample to a tared 40-mL VOA vial using a calibrated (refer to 
Katahdin SOP, CA-102, Balance Calibration) top loading balance.  Record 
the weight to 0.1 g.  Add 5 mL of methanol to the vial containing the sample 
and shake for two minutes.   

 
NOTE: The steps in Secs. 7.2.1, 7.2.2, and 7.2.3 must be performed rapidly and without 

interruption to avoid loss of volatile organics.  These steps must be performed in a 
laboratory free from solvent fumes. 

 
7.2.3 For soil and solid waste samples that were collected in methanol or PEG, 

weigh the vial to 0.01 g as a check on the weight recorded in the field. 
 

7.2.4 For each new lot of methanol, add an appropriate aliquot of the methanol to 
20 mL of organic-free laboratory reagent grade water and analyze by 
Method 5030 in conjunction with the appropriate determinative method.  
Proceed to Sec. 7.0 in Method 5030 and follow the procedure for purging 
high concentration samples. 

 
7.2 High concentration method for oily waste samples 
 

This procedure for the analysis of oily waste samples involves the dilution of the 
sample in methanol or PEG.  However, care must be taken to avoid introducing any 
of the floating  oil layer into the instrument.  A portion of the diluted sample is then 
added to 5.0 mL of organic-free laboratory reagent grade water, purged according 
to Method 5030, and analyzed using an appropriate determinative method. 
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The specific sample preparation steps depend on whether or not the sample was 
preserved in the field.  Samples that were not preserved in the field are prepared 
using the steps below, beginning at Sec. 7.3.2.  If methanol preservation was 
employed in the field, then the preparation begins with Sec. 7.3.4. 

 
7.3.1 For oily samples that are not soluble in methanol or PEG (including those 

samples consisting primarily of petroleum or coking waste), dilute or extract 
with hexadecane and shake for two minutes.  

 
7.3.2 For oily samples that are soluble in methanol if the waste was not preserved 

in the field, tare a 10-mL volumetric flask, or a VOA vial, weigh 1 g (wet 
weight) of the sample into the tared vessel and add 10.0 mL methanol or 
PEG with a calibrated syringe.  If a vial is used instead of a volumetric flask, 
it must be calibrated prior to use.  This operation must be performed prior to 
opening the sample vial and weighing out the aliquot for analysis.  Invert the 
vial a minimum of three times to mix the contents. 

 
7.3.4 If the sample was collected in the field in a vial containing methanol or PEG, 

weigh the vial to 0.1 g as a check on the weight recorded in the field, and 
proceed with Sec. 7.3.5. 

 
7.3.5 Regardless of how the sample was collected, the target analytes are 

extracted into the solvent along with the majority of the oily waste (i.e., some 
of the oil may still be floating on the surface).  If oil is floating on the surface, 
transfer 1 to 2 mL of the extract to a clean GC vial using a Pasteur pipet.  
Ensure that no oil is transferred to the vial. 

 
7.3.6 Add an appropriate aliquot of the methanol or PEG to 5.0 mL of organic-free 

laboratory reagent grade water and analyze by Method 5030 in conjunction 
with the appropriate determinative method.  Proceed to Sec. 7.0 in Method 
5030 and follow the procedure for purging oily waste samples. 

 
 7.4  Determination of % Dry Weight 
 

If results are to be reported on a dry weight basis, it is necessary to determine the 
dry weight of the sample.  Refer to Katahdin SOP, CA-717, for determination of % 
dry weight. 

 
NOTE: It is highly recommended that the dry weight determination only be made after the 

analyst has determined that no sample aliquots will be taken from the 60-mL vial for 
high concentration analysis.  This is to minimize loss of volatiles and to avoid 
sample contamination from the laboratory atmosphere.  There is no holding time 
associated with the dry weight determination.  Thus, this determination can be made 
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any time prior to reporting the sample results, as long as the vial containing the 
additional sample has remained sealed and properly stored. 

  
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

8.1  Before processing any samples, the analyst should demonstrate through the 
analysis of an organic-free laboratory reagent grade water method blank that all 
glassware and reagents are interference free.  Each time a set of samples is 
extracted, or there is a change in reagents, a method blank should be processed as 
a safeguard against chronic laboratory contamination.  The blank samples should 
be carried through all stages of the sample preparation and measurement. 

 
8.2 Initial Demonstration of Proficiency - Each laboratory must demonstrate initial 

proficiency with each sample preparation and determinative method combination it 
utilizes, by generating data of acceptable accuracy and precision for target analytes 
in a clean matrix.  The laboratory must also repeat this demonstration whenever 
new staff are trained or significant changes in instrumentation are made. 

 
8.3  Sample Quality Control for Preparation and Analysis - See the appropriate analytical 

method to follow to demonstrate acceptable continuing performance on each set of 
samples to be analyzed.  These include the method blank, either a matrix 
spike/matrix spike duplicate or a matrix spike and duplicate sample analysis, a 
laboratory control sample (LCS), and the addition of surrogates to each sample and 
QC sample. 

  
 
9.0 METHOD PERFORMANCE 
 

Refer to appropriate analytical method. 
   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

“Test Methods for the Evaluation of Solid Waste: Physical/Chemical Methods,” Method 5035, 
SW-846, USEPA, Revision III, June, 1997. 
 
“Test Methods for the Evaluation of Solid Waste: Physical/Chemical Methods,” Method 
5035A, SW-846, USEPA, Revision III, June, 1997. 
 
“Test Methods for the Evaluation of Solid Waste: Physical/Chemical Methods,” Method 3585, 
SW-846, USEPA, Revision IIIB, Nov., 2004. 
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QSM), Current Version. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
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Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision. 
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TABLE 1 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-214-06 METHOD 5035, current revision 
Apparatus/Materials 
 
 
 

  

Reagents 
 
 
 

  

Sample 
preservation/ 
handling 
 
 
 

  

Procedures 
 
 
 

(1) Use methanol prep for all high 
concentration soils. 
 
(2) For high concentration soils, 
leave all extract in the vial with the 
soil for storage. 

(1) For high concentration soils 
from an unknown source, perform 
a solubility test. 
 
(2) For high concentration soils, 
pipet approximately 1 mL of extract 
into a GC vial for storage. 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedures utilized by Katahdin Analytical 
Services, Inc. laboratory personnel to prepare and analyze aqueous and solid matrix samples 
for purgeable organics by GC/MS in accordance with SW-846 Method 8260, current revision. 
 
This SOP will consolidate all aspects of the analyses in one working document, to be revised 
as necessary, for the purposes of consistency in data quality. 

 
1.1 Definitions 

 
VOC:  Volatile Organic Compounds 
 
VOA:  Volatile Organic Analysis 
 
ANALYTICAL BATCH: 20 or fewer samples that are analyzed together with the same 
method sequence and the same lots of reagents and with the handling practices 
common to each sample within the same time period or in continuous sequential time 
periods. 
 
METHOD BLANK (laboratory reagent blank): A quality control sample designed to 
determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus. Laboratory reagent grade water is used 
as a blank matrix. The blank is taken through the appropriate steps of the process. 
 
CALIBRATION CHECK: Verification of the ratio of instrument response to analyte 
amount, a calibration check is done by analyzing a mid point standard. The calibration 
check verifies that instrument conditions are sufficiently similar to those at initial 
calibration. 
 
CALIBRATION STANDARD (WORKING STANDARD): A solution prepared from the 
stock standard solution that is used to calibrate the instrument response with respect to 
analyte concentration. 
 
INDEPENDANT CALIBRATION STANDARD:  A solution prepared from a stock 
standard solution independent of the standard that is used to calibrate the instrument.  
This is prepared as an LCS and analyzed after the calibration before any sample 
analysis. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source and is analyzed exactly like a sample. Its 
purpose is to determine whether the methodology is in control and to measure the 
degree of accuracy of the determination. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions containing target analytes are added to a sample matrix prior to sample 
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extraction, in the case of soils, and/or analysis. Samples are split into duplicates, 
spiked and analyzed. Percent recoveries are calculated for each of the spiked 
analytes. The relative percent difference between the samples is calculated and used 
to assess analytical precision. 
 
STANDARD CURVE (CALIBRATION CURVE): A curve that plots concentration of 
known analyte standard versus the instrument response to the analyte. 
 
STOCK STANDARD SOLUTION: A concentrated solution containing a single analyte 
or mix of certified standards, or a concentrated solution of a single analyte prepared in 
the laboratory with an assay reference compound. Stock standard solutions are used 
to prepare calibration standards. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition as well as extraction and chromatography characteristics, but 
which are not normally found in environmental samples. These compounds are spiked 
into all blanks, standards, samples and spiked samples prior to analysis. Percent 
recoveries are calculated for each surrogate. Surrogates provide an indication of the 
accuracy for the analytical determination in a discrete sample matrix. 
 
TARGET:  A software system that combines full processing, reporting and 
comprehensive review capabilities, regardless of chromatographic vendor and data 
type. 
 
TARGET DB:  An oracle database used to store and organize all Target data files. 
 
KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS) : A complete multi-user 
system with the capabilities of integrating laboratory instrumentation, generating 
laboratory worksheets, providing complete Lab Order status and generating reports.  
KIMS utilizes these features through a database. 
 

1.2 Responsibilities 
 

This method is restricted to use by, or under the supervision of analysts experienced in 
the analysis of volatile organics by the current revision of EPA Method 8260. Each 
analyst must demonstrate and document their ability to generate acceptable results 
with this method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training 
and Demonstration of Capability”. 
 
It is the responsibility of all Katahdin technical personnel involved in analysis of 
volatile organics by Method 8260 to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate logbook. 
Any deviations from the test or irregularities with the samples should also be recorded 
in the lab logbook and reported to the Department Manager or designated qualified 
data reviewer responsible for this data. 
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It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 
 

1.3 Safety 
 

Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs (material safety data sheets) for all the materials used 
in this procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and 
lab coats when working with chemicals or near an instrument and not taking food or 
drink into the laboratory. Each analyst should know the location of all safety equipment. 
Each analyst shall receive a safety orientation from their Department Manager, or 
designee, appropriate for the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Program for further details on pollution 
prevention techniques. 
 
After analysis, partially-filled VOA vials and sample jars are returned to the 
appropriate refrigerators to be disposed of in adherence with the Katahdin 
Hazardous Waste Management Plan and Safety Manual and SOP SD-903, Sample 
Disposal, current revision. Expired standards are lab packed, placed in the Katahdin 
hazardous waste storage area, and disposed of in accordance with this SOP SD-
903. 
 
Sample aliquots used for analysis are disposed of in accordance with SOP SD-903 
and the Katahdin Hazardous Waste Management Plan and Safety Manual. The soil 
samples must be decanted and the soil fraction disposed of separately in 
compliance with Katahdin’s disposal policies. 
There are three general types of waste generated while performing the 8260 
method.  The “K” waste is a combination of water, sample aliquot (post analysis), as 
well as internal and surrogate standards.  “K” waste is generated when preparing 
QC, during sample analysis, and procedural cleanup.  There are “K” satellites 
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attached to each GC/MS instrument as well as an additional satellite located 
adjacent to the VOA sample preparation bench.  “O” waste consists of methanol (as 
well as trace amounts of volatile analytes) and is generated when standard 
preparation syringes are rinsed three times with methanol.  The “O” waste stream 
satellite is located inside the fume hood.  Organic soil waste stream “I” consists of 
any solid left over from sample preparation and/or analysis and is located inside the 
fume hood.   All satellites listed above are stored in a secondary container and are 
located in the Volatile Organics Laboratory room 111. 

________________________________________________________________________________ 
 
2.0 SUMMARY OF METHOD 
 

The general methodology involves purging aqueous and soil samples with helium, an inert 
gas, for a set period of time to efficiently transfer purgeable organics to the gaseous phase. 
Soil samples with higher contaminant levels are extracted with methanol prior to the helium 
purge. These volatile organics are then retained on a cooled trap (commercially available trap 
suitable for the methodology) before heating causes desorption into a gas chromatograph for 
compound separation.  Detection occurs with an electron impact ionization mass 
spectrometer. 

________________________________________________________________________________ 
 
3.0 INTERFERENCES 
 

Interfering contamination may occur when a sample containing low concentrations of VOCs is 
analyzed immediately after a sample containing high concentrations of VOCs. During initial 
data review, all analyses are evaluated for potential carryover. Any samples that have 
suspected carryover are reanalyzed. GC/MS policy is to reanalyze a sample with positive 
detects greater than the Practical Quantitation Limit (PQL) that has been run immediately 
after a sample with the same positive detects over the upper limit of the calibration.  Typically 
2 or 3 rinsing blanks are analyzed at the end of a sequence.  Samples are not analyzed on 
the instrument until a blank with no detects above PQL can be obtained.  If the lines are 
determined to be contaminated, then the entire Tekmar or Archon must be backflushed with 
warm methanol and water. 

________________________________________________________________________________ 
 
4.0 APPARATUS AND MATERIALS 
 

4.1 GC: Hewlett Packard 6890 & 5890 
 
4.2 Mass Spectrometers (MS): HP5973, HP5972 and HP5970 
 
4.3 Helium:  Carrier gas for routine applications.  All carrier gas lines must be 

constructed from stainless steel or copper tubing; non-polytetrafluoroethylene (non-
PTFE) thread sealant or flow controllers with rubber component are not to be used. 

 
4.4 Columns:  RTX-VMS, 40 meter, 0.18 mm ID or equivalent. 
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4.5 Purge and Traps: Archon 5100 and Centurion auto samplers, and Tekmar 3000 and 
Encon concentrators. 

 
4.6 Purge tubes: 5 mL fritted and 25 mL fritted purge vessels and 40 mL VOA vials for 

soil analysis. 
 
4.7 Hamilton Gastight syringes: 2.00 uL to 25.00 mL. 
 
4.8 Acquisition System:  The acquisition system must be interfaced to the MS and allow 

continuous acquisition of data throughout the duration of the chromatographic 
program.  It must permit, at a minimum, the output of time vs. intensity (peak height 
or peak area).  Hewlett Packard Chemstation or equivalent. 

 
4.9 Data System:  The Target software is used for processing data and generating 

forms. 
________________________________________________________________________________ 

 
5.0 REAGENTS 
 

5.1 Purge and trap grade methanol 
 
5.2 Organic-free Laboratory reagent grade water:  Siemens, Poland Spring, or 

equivalent.  This water may need to be purged with nitrogen to eliminate organic 
contaminants such as Methylene chloride and Chloroform, which are commonly 
found at ambient levels in the laboratory. 

 
5.3 Standards:  Stock standards and working standards are received and recorded in 

accordance with SOP CA-106 “Standard Preparation and Documentation”. 
 

5.3.1 The expiration date for all standards is six months from date of opening the 
ampule with the following exceptions: 
 
Volatile gases expire within 2 weeks of opening ampule (gases are 
dichlorodifluoromethane, chloromethane, bromomethane, vinyl chloride, 
chloroethane, and trichlorofluoromethane). 
 
New standards must be opened if degradation is observed. 

 
5.3.2 Secondary dilution standards 
 

5.3.2.1 Calibration Mix – Prepare a standard in purge and trap methanol 
containing the compounds listed below.  The final concentration of 
each compound is 200 ug/mL (some individual analyte 
concentrations may vary, i.e. Ketones).  The standard should be 
prepared in a 1.0 mL conical vial with a mini-inert valve cap.  The 
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standard must be prepared every 14 days and stored in the VOA 
standards freezer between uses. 

 
Acetone Dibromochloromethane P-Isopropyltoluene
Benzene 1,2-Dibromoethane Methylene Chloride 
Bromobenzene Dibromomethane 4-Methyl-2-Pentanone 
Bromochloromethane 1,2-Dichlorobenzene Naphthalene 
Bromodichloromethane 1,3-Dichlorobenzene N-Propylbenzene 
Bromoform 1,4-Dichlorobenzene Styrene 
Bromomethane Dichlorodifluoromethane 1,1,1,2-Tetrachloroethane 
2-Butanone 1,1-Dichloroethane 1,1,2,2-Tetrachloroethane 
n-Butylbenzene 1,2-Dichloroethane Tetrachloroethene 
sec-Butylbenzene 1,1-Dichloroethene Tetrahydrofuran 
tert-Butylbenzene cis-1,2-Dichloroethene Toluene 
Carbon Disulfide Trans-1,2-Dichloroethene 1,2,3-Trichlorobenzene 
Carbon Tetrachloride 1,2-Dichloropropane 1,2,4-Trichlorobenzene 
Chlorobenzene 1,3-Dichloropropane 1,1,1-Trichloroethane 
Chloroethane 2,2-Dichloropropane 1,1,2-Trichloroethane 
2-Chloroethylvinyl Ether 1,1-Dichloropropene Trichloroethene 
Chloroform Cis-1,3-Dichloropropene Trichlorofluoromethane 
Chloromethane Trans-1,3-Dichloropropene 1,2,3-Trichloropropane 
2-Chlorotoluene Ethylbezene 1,2,4-Trimethylbenzene 
4-Chlorotoluene Hexachlorobutadiene Vinyl Acetate 
Cyclohexane 2-Hexanone Vinyl Chloride 
1,2-Dibromo-3-Chloropropane Idomethane 1,3,5-Trimethylbenzene 
Isopropylbenzene Methyl Tert-Butyl Ether 1-Chlorohexane 

 
5.3.2.2 Extras mix – Prepare a standard as above containing the compounds 

listed below.  The final concentration of each compound is 200 
ug/mL.  The standard should be prepared in a 1.0 mL conical vial 
with a mini-inert valve cap.  The standard must be prepared every 30 
days and stored in the VOA standards freezer between uses. 

 
Acetonitrile Isobutyl Alcohol 
Acrolein Methacrylonitrile 
Acrylonitrile Methylcyclohexane 
Allyl Chloride Methyl Acetate 
Chloroprene Methyl Methacrylate 
Diethyl Ether Methyl Tert-Butyl Ether 
Cis-1,4-Dichloro-2-Butene Pentachloroethane 
Trans-1,4-Dichloro-2-Butene Propionitrile 
1,4-Dioxane Tertiary-Amyl Methyl Ether 
Di-Isopropyl Ether Tertiary-Butyl Alcohol 
Ethyl Methacrylate 1,3,5-Trichlorobenzene 
Ethyl Tertiary-Butyl Ether 1,2,3-Trimethylbenzene 
Freon-113 
 

 

 
5.3.2.3 Independent Calibration Verification Standard, Laboratory Control 

Spike and MS/MSD Mixture - Prepare a standard as above 
containing the compounds listed in Table 3.  The final concentration 
of each compound is 200 ug/mL (some individual analyte 
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concentrations may vary, i.e. Ketones).  The standard should be 
prepared in a 1.0 mL conical vial with a mini-inert valve cap.  The 
standard must be prepared every 14 days and stored in the VOA 
standards freezer between uses. 

 
5.3.2.4 Surrogate Spiking Solution - Prepare a standard as above containing 

the compounds listed below.  The final concentration of each 
compound is 250 ug/mL or 50 ug/mL depending on which 
autosampler you will be using.  The standard must be prepared 
every 14 days and stored on the Archon and/or the Centurion 
autosampler in a pressurized vial or in the VOA standards freezer 
between uses.  

  
4-Bromofluorobenzene 
1,2-Dichloroethane-D4 
Toluene-D8 
Dibromofluoromethane 

 
5.3.2.5 Internal Standard Solution - Prepare a standard as above containing 

the compounds listed below.  The final concentration of each 
compound is 250 ug/mL or 50 ug/mL depending on which 
autosampler you will be using.  The standard must be prepared 
every 14 days and stored on the Archon and/or the Centurion 
autosampler in a pressurized vial or in the VOA standards freezer 
between uses. 

    
Pentafluorobenzene 
1,4-Difluorobenzene 
Chlorobenzene-D5 
1,4-Dichlorobenzene-D4 

 
5.3.2.6 BFB Solution - Prepare a standard as above containing 4-BFB.  The 

final concentration is 25 ug/mL.  The standard must be prepared 
every 30 days and stored in the VOA standards freezer between 
uses. 

 
NOTE:  The concentrations of standards may vary depending on the type of autosampler 
being used. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

6.1 Aqueous samples 
All aqueous samples are collected in 40 mL VOA bottles with no headspace, 
preserved with 1:1 HCl to a pH of <2 and stored at <6°C until analysis.  Aqueous 
samples must be analyzed within 14 days from sample collection if preserved and 
within 7 days from sample collection if unpreserved.  
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6.2 Soil Samples 
 

Soil samples arriving at the laboratory in Terra-core or Encores Soil samplers must 
be extruded into water or sodium bisulfate within 48 hours of sampling.  Soils 
samples extruded into water must be frozen at -15°C ± 5°C until analysis.  Soil 
sample extruded into sodium bisulfate must be stored at <6 °C until analysis. 
 
Medium level soil (methanol preserved) samples are sampled into pre-weighed 
vials containing 5 mLs methanol. Methanol preserved soil samples must be stored 
at <6°C from the time of receipt at the lab until analysis. 
 
Bulk soil samples are stored at <6 °C until analysis. 
 
All soil/sediments must be analyzed within 14 days from sample collection. 

   
 

7.0 PROCEDURES 
 

7.1 NAMING AND CODING CONVENTIONS FOR ANALYTICAL STANDARDS – Used 
in accordance with SOP CA-106 “Standard Preparation and Documentation”. 

 
7.2 COMPUTER (DATA SYSTEM) CONVENTIONS -  

 
Conventions for all instruments are as follows: 
 
Sub-Directory for data acquisition: C:\HPCHEM\1\DATA 
 
Tune file: BFB.U 
 
Method files: 
 
For BFB Tune: BFB288AQ.M (waters) or BFB288SL.M (soils)  
 
For all samples and standards:  I826AXX.M  
 
where: I = instrument ID (Each instrument is given a unique identifier). 
 A = matrix (A for water, S for soil and SB for sodium  bisulfate soils)  
 XX = the calibration number in chronological order 
Data files: 
 
For BFB:  IB_ _ _.D 
 
where: I is the instrument ID  
 _ _ _ is a number in chronological order from 000 to 999.  
 
For all other data files:  I_ _ _ _.D  
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Where: I is the instrument ID 
  _ _ _ _ is a number in chronological order from 0000 to 9999.   
 
This file also contains the Quantitation output file. 

 
7.3 INSTRUMENT TUNING - Prior to the analysis of any calibration standards, blanks, or 

samples, the GC/MS system must be shown to meet the mass spectral ion 
abundance criteria for a 50 ng injection of p-Bromofluorobenzene (p-BFB), tabulated 
below: 

 
Mass Criteria 
50 15.0-40.0% of mass 95 
75 30.0-60% of mass 95 
95 base peak, 100% relative abundance 
96 5.0-9.0% of mass 95 
173 less than 2.0% of mass 174 
174 greater than 50.0% of mass 95 
175 5.0-9.0% of mass 174 
176 greater than 95.0%, but less than 101.0% of mass 174 
177 5.0-9.0% of mass 176 

 
7.3.1 The following are the GC/MS operating conditions for injection of BFB. 

 
GC/MS type: 5972 and 5973 
 
Column:  RTX-624, 40 meter, 0.18 mm I.D or RTX-VMS, 

40 meter, 0.18 mm ID. 
Temperatures: Injection port: 200° 
                       Transfer line: 150° 
 Detector: 240° 
Isothermal temperature: 150° 
Run time: 8 minutes 
Scan start time: 3 minutes 
Scan parameters: not to exceed 2 sec per scan 
Mass range: 35-300 
Number of A/D samples: 8 
GC peak threshold: 1000 counts  
Threshold: 10 counts 

The BFB solution must be analyzed once at the beginning of each 12-hour period, the 
time stamp of the injection of the BFB is the beginning of the 12-hour clock.  All 
calibrations and samples must be run within the 12-hour clock as the method 
specifies.   

 
When the BFB run has concluded, the run must be evaluated to determine if sample 
analysis can proceed. The chromatography and the ion ratios must be examined.  
The BFB run is processed using the current algorithms in the Target software. 
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If the results indicate the system does not meet acceptance criteria, the GC/MS must 
be manually tuned. Once the manual tune procedure is completed, BFB must be re-
injected and reevaluated. If the instrument still does not meet criteria, notify your 
Department Manager. Under no circumstances should calibration proceed if the 
instrument BFB tune is not in criteria. 
 

7.4  INSTRUMENT CONFIGURATION / CALIBRATION 
 

7.4.1 Tekmar LSC 3000/Archon 5100, Setup/Operation: Please refer to the Tekmar 
or Archon Manuals for more detailed operations for these instruments. 

 
To begin, set the Tekmar 3000 to the specification listed in section 2-12 of the 
Archon manual. Edit method 14 as follows: 

 
Method 14 should include: 

 
Standby:  35° 
Prepurge:    0 min 
Preheat Temp:  0° 
Sample Temp:    0° 
Purge:  11 min 
Dry purge:  2-4 min 
Desorb preheat:  245° 
Desorb Temp:    250° 
Desorb time:  2-5 min 
Dry purge:  2-4 min 
Bake Time:     10 min 
Bake Temp:    260° 
Auto drain:  On 
Bake gas by pass:  Off 
Valve Temp:      120° 
Line Temp:    120° 
Runs per sample:  1 

 
The above temperature settings are for a Vocarb 3000 trap, these 
temperatures may vary with the use of alternative traps.  Temperature settings 
may also vary to optimize system performance. 

    
 The Archon autosampler should be set up according to the specifications in 

the manual. The setting of particular concern, with regards to keeping the 
Tekmar and Archon in coordination with each other, is the desorb time. There 
are several other programmable features on the Archon; the settings for this 
feature will depend on the sample matrix and method of analysis. Please refer 
to the Archon manual for more specifics on its programming features. 
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7.4.2 Encon/Centurion, Setup/Operation 
 

Please refer to the Encon or Centurion manuals for more detailed operations 
for the instruments. 
 
To begin, the Encon operation method should contain: 
 
Purge Conditions: Purge Gas: Helium 

Purge Time: 11.0 ±0.1 minute 
Purge Flow Rate: approx. 24-40 mL/min 
Purge Temperature: Ambient (water) 
 

 Desorb Conditions: DesorbTemp: 250ºC 
Desorb Flow rate: 15 mL/min 
Desorb Time: 2.0 ± 0.1 min  

    Bake Time: 10 min 
Bake Temperature: 260ºC 

  
The above temperature settings are for a Vocarb 3000 trap, these 
temperatures may vary with the use of alternative traps.  Temperature settings 
may also vary to optimize system performance. 

    
The Centurion autosampler should be set up according to the specifications in 
the manual. 
 

7.4.3 Initial Calibration for Method 8260 
 

Once the instrument has achieved BFB tuning criteria, calibration of the 
instrument can begin.   

 
To determine the linearity of response, the GC/MS must be initially calibrated 
at six different levels. 
 
For aqueous calibration, target analytes and surrogate are prepared at the 
following concentrations; 1.0, 5.0, 20, 50, 100 and 200 ug/L.  The curve is 
analyzed at ambient temperature.  
 
For a soil calibration target analytes and surrogates are prepped at the 
following concentrations: 5.0, 10, 20, 50, 80 and 100 ug/L.  The calibration 
standards are stirred and heated to 40ºC. 
 
The following amounts standards should be added to 100 mL of organic-free 
laboratory reagent grade water in order to generate a 6-point initial calibration 
curve: 
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  CAL. Mix Extras Mix Surr. Mix Surr. Mix 
Notes STD. ID 200 ug/mL 200 ug/mL 250 ug/mL 200 ug/mL 
    Archon Centurion 
AQ curve only VSTD001 0.5 uL 0.5 uL 0.4 uL 0.5 uL 
 VSTD005 2.5 uL 2.5 uL 2.0 uL 2.5 uL 
SL curve only  VSTD010 5.0 uL 5.0 uL 4.0 uL 5.0 uL 
 VSTD020 10 uL 10 uL 8.0 uL 10 uL 
CCV VSTD050 25 uL 25 uL 20 uL 25 uL 
SL curve only VSTD080 75 uL 75 uL 30 uL 75 uL 
 VSTD100 50 uL 50 uL 40 uL 50 uL 
AQ Curve only VSTD200 100 uL 100 uL 80 uL 100 uL 

 
The internal standard is spiked by the autosampler.  Due to different spike 
amounts separate standards are used depending on which autosampler is 
being used.   
 
After analysis of the six points, the standard analyses must be quantitated and 
evaluated for adherence to QC criteria, as follows.  Minimum requirements for 
method files are use of specific quantitation ions and quantitating a specific set 
of target compound and surrogates with a specified internal standard.  These 
requirements are found in Tables 3 and 5. 

 
7.4.4 Initial Calibration Criteria 

 
The percent (%) RSD for six calibration check compounds (CCC) must be less 
than or equal to 30%. CCCs are 1,1-Dichloroethene, Chloroform, 1,2-
Dichloropropane, Toluene, Ethylbenzene, and Vinyl Chloride.  
 
A system performance check must be performed as part of initial calibration.  
The five system performance check compounds (SPCC) and the minimum 
acceptable average relative response factors (RRF) for these compounds are 
as follows (taken from 8260B): 

 
SPCC RRF 
Chloromethane 0.10 
1,1-Dichloroethane 0.10 
Bromoform 0.10 
Chlorobenzene 0.30 
1,1,2,2-Tetrachloroethane 0.30 

 
The SPCCs are used to check both the standard and instrument stability.  
 

7.4.4.1 Linearity of Target Analytes 
 

If the RSD of any target analyte is 15% or less using the average 
response factor, then the response factor is presumed to be constant 
over the calibration range, and the average response factor may be 
used for quantitation. 
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If the RSD of any target analyte exceeds 15% using the average 
response factor, then a calibration option outlined in section 7.0 of 
method 8000 will need to be employed.  Please note that some 
options may not be allowable for certain states, federal programs, or 
clients.    
 
Option 1 (Section 7.5.2 of method 8000 - Rev. 2, 12/96), is a linear 
regression of instrument response versus the standard concentration.  
The correlation coefficient (r) for each target analyte and surrogate 
must be greater than or equal to 0.995.  For linear models, Target 
calculates the correlation coefficient and then squares it (r2).  This is 
what is reported on all Target forms.  The value for r2 must be greater 
than or equal to 0.990. 
 
Option 2 (Section 7.5.3 of method 8000 - Rev. 2, 12/96), is a non-
linear calibration model not to exceed a third order (seven calibration 
points required) polynomial.  The lab would use a quadratic model or 
second order polynomial.  The use of a quadratic model requires six 
calibration points.  In order for the quadratic model to be acceptable, 
the coefficient of determination must be greater than or equal to 0.99. 
 
Note: Non-linear calibration model may not be allowable for certain 
states, federal programs, or clients.   South Carolina does not allow 
non-linear calibration for compliance work originating in their state.  In 
these cases, a linear calibration model must be used. 
 

7.4.5 Independent Calibration Verification 
 

Immediately following an initial calibration, an independent calibration 
standard must be analyzed.   This standard contains all target compounds, 
internal standards and surrogates at a concentration of 50 ug/L and is 
obtained from a source independent of the initial calibration source.  Please 
refer to section 8.1 and Table 1 for acceptance criteria and corrective action 
for this standard. 
 

 For projects or clients requiring DoD QSM, current revision, all project 
analytes must fall  between 80-120% of the true value.  No samples may 
be run until the ICV  criteria are met. 
 

7.4.6 Calibration Verification 
 

Once a valid initial calibration curve has been achieved, a continuing 
calibration standard containing all the target compounds, internal standards 
and surrogates at a concentration of 50 ppb must be analyzed every 12-hour 
clock for Method 8260, timed from the injection of BFB.  The relative response 
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factor from the 50 ppb continuing calibration check standard must be 
compared to the average response factor data from the initial calibration. 
 
The EICP (extracted ion current profile) area for any of the internal standards 
in the calibration verification must not change by more than a factor of two (-
50% to +100%) from the same level standard in the last initial calibration.  The 
retention time for any internal standard cannot shift by more than 30 seconds 
from the same level standard in the last initial calibration.  
For Method 8260, if the percent difference for each CCC is less than or equal 
to 20%, and all of the SPCCs have a relative response factor greater than or 
equal to those listed in Section 7.4.4, the continuing calibration is considered 
valid. 
 

 For projects or clients requiring DoD QSM, current version, all project analytes 
 must have + 20%D. 

 
Continuing calibration check criteria must be met before sample analysis can 
proceed.  

 
7.4.7 Retention Time Windows 
 

Retention time windows for each analyte and surrogate are set at the midpoint 
standard of the calibration curve, following every ICAL.  On days when an 
ICAL is not performed, the initial CCV may be used.  For each sample, the 
RRT shall be compared with the mid-point of the ICAL or the most recently 
updated RRT.  If the RRT has changed by more than ± 0.006 RRT units 
indicates a significant change in system performance and the laboratory must 
take appropriate corrective action. 
 

7.5 QUALITY CONTROL SAMPLE ANALYSIS 
 
When preparing standards in water or spiking samples with internal 
standards/surrogates or matrix spike solution, be sure to rinse all syringes a minimum 
of three times with purge and trap grade methanol between uses. Failure to do this 
will result in cross-contamination of samples and standards. 
7.5.1  Laboratory Control Sample (LCS) 
 
 The LCS mix is prepared from a secondary source vendor (i.e. different 

vendor from the calibration standards). The LCS is analyzed immediately after 
the initial calibration curve or calibration check and prior to the method blank 
to minimize any analyte carryover possibilities in samples.  Acceptance criteria 
for the LCS are outlined in Section 8.0.   

 
To prepare the water and medium-level soil LCS, 25 uL of the LCS and Extras 
standard mix at 200 ug/mL are spiked into 100 mL of analyte-free laboratory 
reagent grade water for a final concentration of 50 ug/L. The Archon 
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autosampler adds 1 uL of internal and 1 uL of surrogate standard to a 5 mL 
aliquot of this preparation for analysis.  The Centurion autosampler adds 5 uL 
of both surrogates and internal standards to a 5 mL aliquot.  To prepare the 
low-level soil LCS, a stir bar is added to 5 mL of the above solution in a VOA 
vial. The Archon unit adds an additional 10 mL of water to which the internal 
and surrogate standards have been added; this preparation is then heated, 
stirred and purged.   
 
NOTE: In the event that the batch MS/MSD requirement cannot be fulfilled, a 
laboratory Control Spike Duplicate must be analyzed. 
 

7.5.2  Method Blank Analysis 
 

After calibration criteria have been met, a method blank must be analyzed 
before sample analysis can proceed. A method blank analysis must be 
performed once for each 12-hour calibration immediately after analysis of the 
calibration standard(s) and prior to sample analysis. 

 The aqueous method blank is a volume of analyte free laboratory reagent 
grade water spiked with internal and surrogate standards. 
 

 The low-level soil method blank is a volume of analyte free laboratory reagent 
grade water spiked with internal and surrogate standards. This method blank 
is analyzed using the low soil specification. 

 
 The method blank must contain less than the Practical Quantitation Level 

(PQL) for all analytes of interest for the samples associated with the blank. 
 
 For projects requiring DoD QSM, current version, no analytes may be 

detected >1/2 the PQL and > than the 1/10th the measured amount in any 
sample or 1/10th the regulatory limit, whichever is larger.  Except for common 
laboratory contaminants which may not be detected > than the PQL. 

 
7.5.3 Surrogate Recovery Limits 
 

Laboratory established limits are derived for each of the surrogates.  Please 
refer to the current revision of Katahdin Analytical Services SOP # QA-808 for 
further information on statistical limits.  All samples including blanks, laboratory 
control samples, matrix spikes and client samples, must meet the statistical 
limits for the analysis to be considered valid.  If surrogate recoveries do not 
meet these limits, reanalysis must occur to confirm matrix interference. 
 

7.5.4 Internal Standard Area Recoveries / Retention Times. 
 
The internal standard responses and retention times in the method blank must 
be evaluated immediately after or during data acquisition. If the EICP 
(extracted ion current profile) area for any of the internal standard changes by 
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a factor of two (-50% to +100%), from the last daily calibration standard, the 
GC/MS must by inspected, and corrective action taken. If the retention time for 
any internal standard has shifted by more than 30 seconds from the mid-point 
standard level of the most recent calibration sequence, the GC/MS must be 
inspected, and corrective action taken. All samples and QC must also meet 
the EICP area and retention time criteria or must be reanalyzed.  
 
For projects or clients requiring DoD QSM, current version, IS EICP areas 
must be within -50% to + 100% of the ICAL midpoint standard.  The 
retention time must be ± 30 seconds from the retention time of the ICAL 
midpoint standard. 
 

7.5.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Analysis 
 
 An MS/MSD must be analyzed every twenty samples of a similar matrix.  The 

MS/MSD is prepared in a manner similar to the LCS, except that 40 mL 
aliquots (aqueous) or 5 g aliquots (soil), of environmental samples are used in 
place of the analyte-free laboratory reagent grade water.  Note that trip blanks 
and field/equipment blanks should not be used for MS/MSD analyses.  The 
spike solution (section 7.5.1) is added to the sample at a concentration of 50 
ppb.  Acceptance criteria for the MS/MSD are outlined in Section 8.0.   

 
NOTE: In the event that sufficient volume of sample is not supplied to the 
laboratory so that an MS/MSD set cannot be analyzed within a batch of 20 
samples, a laboratory control spike duplicate must be analyzed. 

 
7.6 SAMPLE ANALYSIS  

 
 When new samples are received, they should be checked for past sample history.  If 
sample history cannot be located or the sites are different than past sites, the project 
manager should be consulted.  He/she may be able to provide more information 
about the sample.  Sample history is used to determine what order in which to run the 
samples and at what dilution.  Refer to Katahdin Analytical Services SOPCA-106, 
“Basic Laboratory Technique”, current revision for information on subsampling. 
 
 Samples are removed from the VOA refrigerator and appropriate chain of custody 
form is completed.  Remove only the vials that have not been opened yet (opened 
vials will be upside down).  Note in sample run log any bubbles, and significant 
discoloration or sediment in the sample vials.   
 
7.6.1 SAMPLE ANALYSIS FOR 8260B WATER 

 
7.6.1.1 Tekmar LSC 3000 / Archon 5100 units 

 
Place the sample vials into the Archon sample tray and program the 
Archon for the appropriate sample volume and or dilution for the 
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sample. The Archon unit will automatically transfer the sample to the 
sparge vessel while adding the internal and surrogate standard. The 
Archon can be programmed to run as many samples as will fit in the 
twelve-hour window. The auto sampler hot water rinses the sparge 
vessel, transfer lines, purge needle, and syringe between  samples 
to minimize possible carryover. 
Record the sample pH in the injection logbook after sample analysis is 
complete (usually the day after the analysis is done) and return the 
sample vial to the sample refrigerator.   

 
7.6.1.2 Centurion/Encon unit 
 

Place the sample vials into the Centurion sample tray and program the 
Centurion for the proper sequence.  The Centurion will automatically 
transfer the sample to the sparge vessel while adding the internal and 
surrogate standards.  Using the Centurion software, the analyst can 
program the Centurion to run as many samples that will fit into a 12 
hour clock.  The autosampler uses hot water to rinse the sparge 
vessel, transfer lines, purge needle and sample needle to minimize 
carryover. 
 
Record the sample pH in the injection logbook after sample analysis is 
complete (usually the day after the analysis is done) and return the 
sample vial to the sample refrigerator.   
 
Make sure that all entries in the injection log have been made in a 
complete, neat, and legible manner. Corrections in any logbook must 
be crossed through with a single line, dated, initialed and have a 
written explanation or the applicable error code. 
 
If for any reason a sample needs to be rerun, diluted or duplicated, it 
must be noted in the comments section of the injection logbook.  
Additional information may be needed to assure that any questions 
that arise during the review process can be answered. 
 
To minimize carryover from samples that contain a target compound at 
a level exceeding the upper limit of the calibration curve, the following 
must be done:  monitor samples analyzed after the contaminated 
sample as well as the next run of the contaminated sample in the 
same purge inlet for the target(s) in question; both must have levels 
<PQL. 

 
  7.6.2 ANALYSIS OF LOW-LEVEL SOIL SAMPLES 
 

Method 5035 Closed System Purge & Trap procedure for low level soils   
(5 ug/Kg -200 ug/Kg) 
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Selecting the appropriate technique may depend on cleanup goals, 
confidence levels, and anticipated levels of contamination.  Field sampling 
activities typically result in Encore or Encore-like devices being submitted to 
the lab.  These devices must be extruded within 48 hours.  It is the 
laboratory’s standard policy to extrude soil samples into 5 mL of Laboratory 
reagent free laboratory reagent grade water that contains a magnetic stir 
bar.  The sample is subsequently frozen until analysis within 14 days.  Note 
that the sample must be extruded and frozen within 48 hours of sampling, 
until analysis can begin.  This approach is preferred over extrusion into 
sodium bisulfate because it is believed that the sodium bisulfate reacts with 
calcium carbonate in highly calcareous soils causing effervescence and 
driving the volatile analytes out of solution.  There is also anecdotal 
information to suggest that acetone may be generated when bisulfate 
preservation occurs.  The Katahdin sample ID, extrusion date, and time are 
recorded in the GC/MS extrusion logbook.  Please refer to the Katahdin 
method 5035 SOP, CA-214 for more detail. 
 
In lieu of the use of Encore samplers, the lab may pre-weigh 40 mL VOA 
vials containing 5 mL of laboratory reagent grade water or a 20% sodium 
bisulfate solution and a magnetic stir bar and ship these to the field. The vial 
is assigned a vial specific number prior to shipment to the field. The vial and 
weight will be recorded with its vial specific number in the methanol soil 
logbook. If possible the field sampler should weigh the sealed vial to ensure 
that 5 +/- 0.5 grams of sample were added in the field. When the lab 
receives the vials back from the field, the vials will be weighed and the 
weight recorded.  The samples must be frozen within 48 hours of sampling, 
until analysis can begin.   
 
The subsequent analysis is performed on a specially developed 
autosampler that heats, stirs, and purges the sample simultaneously without 
exposing the contents of the vial to the atmosphere. This procedure will help 
to minimize the loss of VOC’s due to transport, handling, and analysis and 
may help minimize ambient lab contribution. The expected detection limits 
are consistent with the traditional low soil technique from method 5030.  The 
Archon is programmed to heat each vial to 40°C during the purge time. Initiate 
purging for 11.0 minutes; the sample must be heated to 40°C ± 1°C before 
purging can begin.  If you have questions concerning setting up the Tekmar or 
initiating a GC/MS batch run, consult the Organic Department Manager, or 
senior chemist within the group. 

 
 If the client does not require method 5035, method 5030 for analysis of low-

level soils may be followed. In this case, the Archon units may be used for the 
preparative step. 
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7.6.2 ANALYSIS OF MEDIUM-LEVEL SOIL SAMPLES 
 

Method 5030 Procedure for higher concentration soils (> 200 ug/Kg) 
 
Higher concentration soils may be sampled as either a bulk sample or field 
preserved with a water miscible solvent such as methanol.  If sampled in an 
Encore unit, the soil is extruded into methanol upon receipt at the lab. 
 

 Bulk Sample- A sample is placed in a glass jar or vial and returned to the lab 
for extraction and analysis.  In this approach the lab takes an aliquot of soil 
and extracts with purge & trap grade methanol, a portion of the methanol is 
then analyzed for volatile analytes.  

 
Calibrate the balance properly (See SOP CA-102) and note it in the 
appropriate logbook.  Place 5.0 grams of thoroughly mixed, undecanted soil 
sample in a 40.0 mL vial.  Add 5.0 mL reagent grade methanol.  Shake for 2 
minutes.  Let stand for 3 minutes.    Record extraction in soil prep logbook. 
 
Methanol Field Preservation - A 5 gram sample is added to a VOA vial that 
has been previously charged with purge and trap grade methanol (the 
volume of methanol is dependent upon client request). The vial with 
methanol has been previously weighed in the lab and assigned a vial 
specific number prior to shipment to the field. The vial and methanol weight 
will be recorded with its vial specific number in the VOA vial prep logbook. If 
possible the field sampler should weigh the sealed vial to ensure that 5 +/- 
0.5 grams of sample were added in the field. When the lab receives the vials 
back from the field, the vials will be weighed and the weight recorded.  A 
portion of the methanol is then analyzed for volatile analytes. 

 
 For analysis on Archon or Centurion autosamplers, add 400 uL of the extract 

into 20 mL of organic-free laboratory reagent grade water (e.g., Poland Spring 
or equivalent). IS and SS is added by the Archon and/or Centurion 
autosampler for analysis. This will give an estimated calibration range 
between 500-10000 ug/Kg. 

  
7.7 FINAL DATA PACKAGE 

 
7.7.1 Initial Data Review (IDR) 
 

The initial data review is performed by the analyst who ran the samples. This 
review is of sufficient quality and detail to provide a list of samples that need to 
be reanalyzed or diluted and reanalyzed.  The initial data review is performed 
on the detailed quantitation reports of the analyzed sample. This data review 
examines criteria that directly impact whether or not the sample needs to be 
reanalyzed.  
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• Surrogate recoveries 
• stability of internal standard responses 
• LCS spike recoveries 
• method blank acceptance 
• chromatography 
• target compound detection/quantitation / review for false positives 

 
The analyst must evaluate all data using the QA Acceptance Criteria table 
found within this SOP (Table 1). This table gives acceptance criteria and 
corrective actions for criteria that are not met.  In addition to evaluating QC 
elements, the chromatography and quantitation of target analytes must be 
reviewed.  

 
7.7.1.1 Chromatography 
 

The chromatography should be examined for the presence or absence 
of any "ghost" peaks and can also be used as an indication of whether 
or not matrix interferences might be influencing surrogate recoveries 
and/or ISTD area recoveries. Whether or not the chromatography is 
acceptable is a judgment call on the part of the analyst and should be 
used in conjunction with other monitored QC (e.g., Surrogate 
recoveries) to determine the necessity of reanalyses.  

 
Manual integrations are to be performed when chromatographic 
conditions preclude the computer algorithm from correctly integrating 
the peak of concern.  In no instance shall a manual integration be 
performed solely to bring a peak within criteria. 

 
Each peak of concern is examined by the primary analyst to ensure 
that the peak was integrated properly by the computer algorithm.  An 
“M” qualifier will automatically be printed on the quantitation report 
summary.   
This manual integration package must then be submitted to the 
Organic Department Manager or his/her designee, who will review 
each manual integration. 
 
For specific procedures on how to manually integrate, refer to 
Katahdin SOP QA-812, “Manual Integration”, current revision. 

 
7.7.1.2 Target Compound Detection/Quantitation 
 

The method files have been set up to error on the side of false 
positives, that is to identify and quantitate peaks as target compounds 
that may not necessarily be valid hits. 
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The requirements for qualitative verification by comparison of mass 
spectra are as follows: 
 
• all ions present in the standard mass spectra at a relative 

intensity > 25% must be present in the sample spectrum. 
• the relative intensities of primary and secondary ions must 

agree within  ±20% between the standard and sample spectra. 
• ions greater than 25% in the sample spectrum but not present 

in the standard spectrum must be considered and accounted 
for by the analyst. 

 
If a compound cannot be verified by all three criteria above, but, in the 
technical judgment of the mass spectral interpretation specialist, the 
identification is correct, then the laboratory shall report that compound 
on the Form 1 as a valid hit. 

  
If any target concentration exceeds the upper limit, a dilution must be 
made and analyzed.  The dilution chosen should keep the response of 
the largest target compound hit in the upper half of the initial calibration 
range.  
 
The GC/MS laboratory initial data review should be accomplished at 
the beginning of a work shift for the previous set of analyses.  After the 
analyst has completed his or her initial data review, the data should 
immediately be forwarded to the Organic Department Manager, or 
his/her designee.   

 
7.7.1.3 Tentatively Identified Compounds (TIC) 
 

TIC’s may be requested by certain clients for samples.  Refer to SOP 
CA-207 “GC/MS Library Search and Quantitation”. 

 
  7.7.2 Reporting 
 

After the chromatograms have been reviewed and any target analytes have 
been quantitated using Target, the necessary files are brought into Kims.  
Depending on the QC level requested by the client, a Report of Analysis 
(ROA) and additional reports, such as LCS forms and chronology forms, are 
generated. The package is assembled to include the necessary forms and 
raw data.  The data package is reviewed by the primary analyst and then 
forwarded to the secondary reviewer.  The secondary reviewer validates the 
data and checks the package for any errors.  When completed, the package 
is sent to the department manager for final review.  A completed review 
checklist is provided with each package.  The final data package from the 
Organics department is then processed by the Data Management 
department.  
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8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

Refer to Table 1 and to details in this section for a summary of QC requirements, 
acceptance criteria, and corrective actions. These criteria are intended to be guidelines for 
analysts.  The criteria does not cover all possible situations.   If any of the QC requirements 
are outside the recovery ranges listed in this section or in Table 1, all associated samples must 
be evaluated against all the QC.  In some cases data may be reported, but may be reanalyzed 
in other cases.  Making new reagents and standards may be necessary if the standardization 
is suspect. The corrective actions listed in this section and in Table 1 may rely on analyst 
experience to make sound scientific judgments.  These decisions are based on holding 
time considerations, client and project specific Data Quality Objectives and on review of 
chromatograms.  The Department Manager, Operations Manager, and/or Quality Assurance 
Officer may be consulted to evaluate data.  Some samples may not be able to be reanalyzed 
within hold time.  In these cases “qualified” data with narration may be advisable after 
consultation with the client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed.     

 
8.1 Independent Calibration Verification, LCS and MS/MSD Criteria 
 

Statistical limits are compiled annually for LCS recoveries (archived in QA office).   
Statistical limits are only calculated when at least 20 usable data points are 
obtained for any given compound.   If insufficient data points are available, nominal 
limits are set by the Organic Department Manager, Laboratory Operations Manager 
and Quality Assurance Officer.  Refer to Katahdin SOP QA-808, “Generation and 
Implementation of Statistical QC Limits and/or Control Charts,” current revision. 
 
The use of statistical limits versus nominal limits is dependent on the client and 
project.  This information is communicated to the Organic Department Manager 
through the Katahdin project manager.  It is standard practice to use statistical limits 
for reporting purposes and to evaluate any QC criteria exceedances.  However, 
nominal limits of 60-140% or 70-130% may be used  for some projects or states. 
 
The LCS recoveries for all analytes are evaluated.  For non-DOD clients, the 
exceedances from the laboratory established limits or nominal limits must be less than 
ten percent of the client compound list. For DOD clients, all of the compounds of 
interest must fall within either Katahdin’s statistically derived limits or the DOD QSM, 
current version, limits with the following sporadic exceedance allowances. 
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Number of 
Analytes 

Number of 
Allowable Exceedances 

> 90 5 
71 – 90 4 
51 – 70 3 
31 – 50 2 
11 – 30 1 

<11 0 

Any LCS failure must be evaluated to determine if it is within the marginal 
exceedance limits.  These are listed in Appendix 3 of the DoD QSM.  They also can 
be calculated for our statistically derived limit by extending the limit from 3 to 4 
standard deviations. 

Additionally, the exceedances must be random.  Any analyte failing 2 out of 3 
consecutive LCS’s is considered to be non-random and may indicate another 
problem. 
 
If less than the number of allowable exceedances fail the statistical limits, no 
corrective action is needed.  If greater than the number of allowable exceedances 
fail the statistical limits, corrective action may be taken.  Corrective actions may 
vary with each situation.  However, in the case where the failures are high and the 
samples are non-detect for those compounds, then no corrective action is required.  
Otherwise, corrective action may involve reanalysis or recalibration. The specific 
corrective actions taken will rely on analyst experience to make sound scientific 
judgments while considering client objectives, other quality control indicators and/or 
the ability to reanalyze a sample within holding time. 
 
Note: South Carolina does not allow for marginal exceedences for compliance work 
originating in their state.   
 
The MS/MSD recoveries for all analytes are evaluated.  If the LCS results are 
acceptable but the MS/MSD is not, narrate.  If both the LCS and MS/MSD are 
unacceptable reprep the samples and QC. 
 
For projects or clients requiring DoD QSM, current version, all project analytes in the 
ICV must fall between 80-120% of the true value.  No samples may be run until the 
ICV criteria is met.  Laboratory established recovery limits for LCS and MS/MSDs 
must be within 3 standard deviations of the mean LCS recovery.  MS/MSD pairs must 
be run once per analytical/preparatory batch.  RPDs must be less than or equal to 
30% between MS and MSDs. 
 
For analytes with no available DoD acceptance criteria, laboratory established limits 
shall be used. 
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8.2 Surrogate Recovery Criteria 
 
Statistical limits are compiled annually for surrogate recoveries (archived in QA office).  
Statistical limits are only calculated when at least 30 usable data points are obtained 
for any given compound.   If insufficient data points are available, nominal limits are 
set by the Organic Department Manager, Laboratory Operations Manager and Quality 
Assurance Officer.  The use of statistical limits versus nominal limits is dependent on 
the client and project.  This information is communicated to the Organic Department 
Manager through the Katahdin project manager.  It is standard practice to use 
statistical limits for reporting purposes and to evaluate any QC criteria exceedances.   
However, nominal limits of 60-140% or 70-130% may be used for some projects or 
states. 

 
8.3 QC Requirements 

 
Refer to Table 1 for a summary of QC requirements, acceptance criteria, and 
corrective actions. Table 1 criteria are intended to be guidelines for analysts.  The 
table does not cover all possible situations.   If any of the QC requirements are 
outside the recovery ranges listed in Table 1, all associated samples must be 
evaluated against all the QC.  In some cases data may be reported, but may be 
reanalyzed in other cases.  Making new reagents and standards may be necessary if 
the standardization is suspect. The corrective actions listed in Table 1 may rely on 
analyst experience to make sound scientific judgments.  These decisions are based 
on holding time considerations, client and project specific Data Quality Objectives 
and on review of chromatograms.  The Department Manager, Operations Manager, 
and/or Quality Assurance Officer may be consulted to evaluate data.  Due to the 14-
day hold time associated with this method, samples may not be able to be reanalyzed 
within hold time.  In these cases “qualified” data with narration may be advisable after 
consultation with the client. 

   
 

9.0 METHOD PERFORMANCE 
  

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
Limits of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-202-14 
STANDARD OPERATING PROCEDURE Date Issued: 04/13  
 Page 28 of 43 
   
 
TITLE: ANALYSIS OF VOAs BY PURGE AND TRAP GC/MS: SW-846 METHOD 8260 
   
 

 
 
 

The Limit of Quantitation (LOQ) is the minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence.  The LOQ shall be set at the lowest point in the calibration curve for all analyses 
utilizing an initial calibration.  LOQ’s must be verified quarterly for every preparation and 
analytical method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the anaysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of Method 8260 for other method performance parameters and 
requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, USEPA SW846, 3rd 
Edition, Final Updates I, II, IIA, IIB, III, IIIA, IIIB and IV, February 2007, Method 8260B. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DoD QSM), 
Current Version. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, June 
2003. 
 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010 
 
Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision 

Katahdin SOP QA-806, Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications, current revision 
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TABLE 1 
 

QC REQUIREMENTS - VOLATILE ORGANICS, METHOD 8260 
 

QC Check Minimum Frequency Acceptance Criteria Corrective Action 
Check of mass 
spectral ion 
intensities using 
BFB 

Prior to initial calibration 
and calibration 
verification 

Refer to the criteria listed in 
Section 7.3 of this SOP 

Retune instrument, and verify 

Six-point 
calibration for all 
analytes 

Initial calibration prior to 
sample analysis 

SPCCs average RF ≥0.30, 
except chloromethane, 1,1-
DCA and bromoform ≥0.10; 
RSD for RFs ≤ 30% for CCCs.  
Refer to section 7.4.3 also. 

Repeat initial calibration 

Independent 
Calibration 
Verification 

Once, immediately 
following calibration 

Statistically derived from lab 
data or nominal limits 
depending on the project.  
Refer to QA records for 
statistical limits.   Nominal 
limits are used as default 
limits.  See also section 8.1 of 
this SOP for more information 
on allowable exceedances. 

If the surrogate recoveries in the 
ICV are low but the target analytes 
are acceptable, narrate.  If the ICV 
recovery is high but the sample 
results are <PQL, narrate. If the ICV 
is out but the batch LCS is in 
criteria, narrate. 

Calibration 
verification 

Once per each 12 
hours, prior to sample 
analysis in absence of 
initial cal 

SPCCs minimum RF ≥ 0.30, 
except chloromethane, 1,1-
DCA and bromoform ≥ 0.10;  
RF for CCC analytes ≤ 20% 
(%D) of average initial 
multipoint RF 

Repeat initial calibration and 
reanalyze all samples analyzed 
since the last successful calibration 
verification 

IS During data acquisition 
of calibration check 
standard 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Inspect mass spectrometer or GC 
for malfunctions; mandatory 
reanalysis of samples analyzed 
while system was malfunctioning 

Method Blank One per batch of 20 or 
fewer samples. 

No analytes of interest 
detected > PQL with the 
exception of Methylene 
Chloride 
 
 

(1) Investigate source of 
contamination  
(2) Evaluate the samples and 
associated QC: i.e.  If the blank 
results are above the PQL, report 
sample results which are <PQL or > 
10X the blank concentration. 
Otherwise, reprep a blank and the 
remaining samples. 
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TABLE 1 (cont.) 
 

QC REQUIREMENTS - VOLATILE ORGANICS, METHOD 8260 
 

QC Check Minimum Frequency Acceptance Criteria Corrective Action 
LCS   One per batch of 20 or 

fewer samples. 
Statistically derived from lab 
data or nominal limits 
depending on the project.  
Refer to QA records for 
statistical limits.   Nominal 
limits are used as default 
limits.   
 
See also section 8.1 of this 
SOP for more information on 
allowable exceedances. 
 
. 

Evaluate the samples and 
associated QC: i.e.  If an MS/MSD 
was performed and acceptable, 
narrate.  If an LCS/LCSD was 
performed and only one of the set 
was unacceptable, narrate.  If the 
surrogate recoveries in the LCS are 
also low but are acceptable in the 
blank and samples, narrate.  If the 
LCS recovery is high but the sample 
results are <PQL, narrate.  
Otherwise, reprep a blank and the 
remaining samples. 

Surrogate spike Every sample, control, 
standard and method 
blank 

Statistically derived limits. 
 
 

Reprep and reanalyze for 
confirmation of matrix interference 
when appropriate. 

MS/MSD One MS/MSD per every 
20 samples. 
 

Statistically derived from lab 
data or nominal limits 
depending on the project.  
Statistical limits are used as 
default limits.   
 
. 

(1) Evaluate the samples and 
associated QC: i.e.  If the LCS 
results are acceptable, narrate. 
(2) If both the LCS and MS/MSD 
are unacceptable reprep the 
samples and QC. 

MDL Studies, 
LOD and LOQ 
Verifications 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications”, current revision. 

Demonstrate 
ability to generate 
acceptable P & A 
using 4 replicate 
analyses of a QC 
check standard 

Once per year for each 
analyst; 4 reps 

All recoveries within method 
QC acceptance limits 

Recalculate results; locate and fix 
problem; rerun P & A study for 
those analytes that did not meet 
criteria prior to sample analysis 
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TABLE 2 
 

DOD QSM QC Requirements 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specific criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

NA. This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

LOQ 
establishment 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

Tuning Prior to ICAL 
and at the 
beginning of 
each 12-hour 
period. 

Refer to method for 
specific ion criteria. 

Retune instrument and 
verify. Rerun affected 
samples. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be accepted without 
a valid tune. 

Minimum five-
point initial 
calibration 
(ICAL) for all 
analytes 

ICAL prior to 
sample 
analysis. 

1. Average response 
factor (RF) for SPCCs: 
VOCs ≥ 0.30 for 
chlorobenzene and 
1,1,2,2-
tetrachlorolethane; ≥ 0.1 
for chloromethane, 
bromoform, and 1,1-
dichloroethane. 
2. RSD for RFs for CCCs 
≤ 30% and one option 
below:  
Option 1: RSD for each 
analyte ≤ 15%;  
Option 2: linear least 
squares regression r ≥ 
0.995;  
Option 3: non-linear 
regression–coefficient of 
determination (COD) r2 ≥ 
0.99 (6 points shall be 
used for second order). 

Correct problem then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. Calibration may 
not be forced through the 
origin. 

Second source 
calibration 
verification 
(ICV) 

Once after 
each ICAL. 

All project analytes within 
± 20% of true value. 

Correct problem and 
verify second source 
standard. Rerun 
second source 
verification. If that fails, 
correct problem and 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 
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TABLE 2 (cont) 
 

DOD QSM QC Requirements 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention time 
window 
position 
establishment 
for each 
analyte and 
surrogate 

Once per ICAL. Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed. On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA.   

Evaluation of 
relative 
retention times 
(RRT) 

With each 
sample. 

RRT of each target 
analyte within ± 0.06 RRT 
units. 

Correct problem, then 
rerun ICAL. 

Flagging criteria are not 
appropriate. 

Laboratories may update 
the retention times based 
on the CCV to account for 
minor performance 
fluctuations or after 
routine system 
maintenance (such as 
column clipping). With 
each sample, the RRT 
shall be compared with 
the most recently updated 
RRT. If the RRT has 
changed by more than 
±0.06 RRT units since the 
last update, this indicates 
a significant change in 
system performance and 
the laboratory must take 
appropriate corrective 
actions as required by the 
method and rerun the 
ICAL to reestablish the 
retention times. 

Continuing 
calibration 
verification 
(CCV) 

Daily before 
sample 
analysis and 
every 12 hours 
of analysis 
time. 

1. Average RF for SPCCs 
≥ 0.30 for chlorobenzene 
and 1,1,2,2-
tetrachlorolethane; ≥ 0.1 
for chloromethane, 
bromoform, and 1,1-
dichloroethane.  
2. %Difference/Drift for all 
target compounds and 
surrogates ≤ 20%D (Note: 
D = difference when using 
RFs or drift when using 
least squares regression 
or non-linear calibration). 

DoD project level 
approval must be 
obtained for each of 
the failed analytes or 
corrective action must 
be taken. Correct 
problem, then rerun 
calibration verification. 
If that fails, then repeat 
ICAL. Reanalyze all 
samples since last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since last 
acceptable CCV. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples cannot 
be reanalyzed. 

Internal 
standards 
verification 

Every field 
sample, 
standard, and 
QC sample. 

Retention time ± 30 
seconds from retention 
time of the midpoint 
standard in the ICAL; 
EICP area within -50% to 
+100% of ICAL midpoint 
standard. 

Inspect mass 
spectrometer and GC 
for malfunctions. 
Reanalysis of samples 
analyzed while system 
was malfunctioning is 
mandatory. 

If corrective action fails in 
field samples, apply Q-
flag to analytes 
associated with the non-
compliant IS. Flagging 
criteria are not 
appropriate for failed 
standards. 

Sample results are not 
acceptable without a valid 
IS verification. 
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TABLE 2 (cont) 
 

DOD QSM QC Requirements 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater). Blank result 
must not otherwise affect 
sample results. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

LCS containing 
all analytes to 
be reported, 
including 
surrogates 

One per 
preparatory 
batch. 

The laboratory shall use 
laboratory control limits 
(CLs) or use DoD-
generated LCS-CLs, if 
available depending on 
project requirements. In-
house CLs may not be 
greater than ± 3 times the 
standard deviation of the 
mean LCS recovery. A 
number of analytes may 
fall outside the CL but 
within marginal 
exceedance limit 
depending on the total 
number of analytes in the 
LCS. 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  Refer to 
Table G-1 for number 
of marginal 
exceedences allowed.  
Contact Client if 
samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike 
(MS) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

For matrix evaluation, use 
LCS acceptance criteria. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation only. 
If MS results are outside 
the LCS limits, the data 
shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix spike 
duplicate 
(MSD) or 
sample 
duplicate 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

MSD: For matrix 
evaluation, use LCS 
acceptance criteria. 
MS/MSD: RPD ≤ 30% . 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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TABLE 2 (cont) 
 

DOD QSM QC Requirements 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate spike All field and QC 
samples. 

The laboratory shall use 
laboratory surrogate CLs 
or use DoD-generated 
surrogate CLs, if available 
depending on project 
requirements. . 

For QC and field 
samples, correct 
problem then reprep 
and reanalyze all failed 
samples for failed 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary.  Contact 
Client if samples 
cannot be reprepped 
within hold time.  

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-202-14 METHOD 8260, current revision 
Apparatus/Materials 
 
 
 

None  

Reagents 
 
 
 

None  

Sample preservation/ 
handling 
 
 
 

Preserved samples analyzed within 14 
days. 
Unpreserved samples analyzed within 7 
days. 

Preserved samples analyzed within 14 
days.  No criteria for unpreserved samples. 

Procedures 
 
 
 

(1) Use laboratory reagent grade water for 
low level soil calibration, method blanks, 
and laboratory control samples to minimize 
clogging of archon soil needles with sand. 
(2) Internal Standards- pentafluoro- 
benzene, 1,4-difluorobenzene, 
chlorobenzene-d5, 1,4-dichloro- 
benzene-d4 

(1) Use an aliquot of a clean (control) 
matrix similar to the sample matrix. 

(2) Recommended internal standards – 
fluorobenzene, 

chlorobenzene-d5, 1,4-dichloro- 
benzene-d4 

QC - Spikes 
 
 

None  

QC - LCS 
 
 

None  

QC - Accuracy/Precision 
 
 

PQL – Practical Quantitation Level – three 
to ten times the MDL. 

EQL – Estimated Quantitation Level – five 
to ten times the MDL 

QC - MDL 
 
 
 

None  
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TABLE 4 
 

VOA COMPOUNDS AND CHARACTERISTIC IONS 
 

COMPOUND 1° ION 2° ION 
Acetone 43 58 
Acetonitrile 41 40, 39 
Acrolein 56 55, 58 
Acrylonitrile 53 52, 51 
Allyl Chloride 76 41, 39 
Benzene 78 - 
Bromobenzene 156 77, 158 
Bromochloromethane 128 49, 130 
Bromodichloromethane 83 85, 127 
Bromoform 173 175, 254 
Bromomethane 94 96 
2-Butanone 43 72 

n-Butylbenzene 91 92, 134 
Sec-Butylbenzene 105 134 
Tert-Butylbenzene 119 91, 134 
Carbon Disulfide 76 78 
Carbon Tetrachloride 117 119 
Chlorobenzene 112 77, 114 
Chloroethane 64 66 
2-Chloroethylvinyl Ether 63 65, 106 
Chloroform 83 85 
Chloromethane 50 52 
Chloroprene 53 88, 90 
2-Chlorotoluene 91 126 
4-Chlorotoluene 91 126 
Cyclohexane 56 84, 60 
1,2-Dibromo-3-Chloropropane 75 155, 157 
Dibromochloromethane 129 127 
1,2-Dibromoethane 107 109, 188 
Dibromomethane 93 95, 174 
Diethyl Ether 74 45, 59 
1,2-Dichlorobenzene 146 111, 148 
1,3-Dichlorobenzene 146 111, 148 
1,4-Dichlorobenzene 146 111, 148 
Dichlorodifluoromethane 85 87 
1,1-Dichloroethane 63 65, 83 
1,2-Dichloroethane 62 98 
1,1-Dichloroethene 96 61, 63 
Cis-1,2-Dichloroethene 96 61, 98 
Trans-1,2-Dichloroethene 96 61, 98 
1,2-Dichloropropane 63 112 
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TABLE 4 (cont.) 
 

VOA COMPOUNDS AND CHARACTERISTIC IONS 
 

COMPOUND 1° ION 2° ION 
1,3-Dichloropropane 76 78 
2,2-Dichloropropane 77 97 
1,1-Dichloropropene 75 110, 77 
Cis-1,3-Dichloropropene 75 77, 39 
Trans-1,3-Dichloropropene 75 77, 39 
Cis-1,4-Dichloro-2-butene 75 53, 77 
Trans-1,4-Dichloro-2-butene 53 88, 75 
1,4-Dioxane 88 58, 43 
Di-Isopropyl Ether 45 43, 87 
Ethylbezene 91 106 
Ethyl Methacrylate 69 41, 99 
Ethyl Tertiary-Butyl Ether 59 87, 57 
Freon-113 151 101 
Hexachlorobutadiene 225 223, 227 
2-Hexanone 43 58, 57, 100 
Idomethane 142 127, 141 
Isobutyl Alcohol 43 41, 42 
Isopropylbezene 105 120 
P-ISOPROPYLTOLUENE 119 134, 91 
Methacrylonitrile 41 67, 39 
Methylcyclohexane 83 55, 98 
Methylene Chloride 84 86, 49 
Methyl Acetate 43 74 
Methyl Methacrylate 69 41, 100 
4-Methyl-2-Pentanone 43 58, 85, 100 
Methyl Tert-Butyl Ether 73 57, 41 
Naphthalene 128 - 
Pentachloroethane 167 130, 132 
Propionitrile 54 52, 55 
N-PROPYLBENZENE 91 120 
Styrene 104 78 
Tertiary-Amyl Methyl Ether 73 55, 87, 71 
Tertiary-Butyl Alcohol 59 41, 43 
1,1,1,2-Tetrachloroethane 131 133, 119 
1,1,2,2-Tetrachloroethane 83 131, 85 
Tetrachloroethene 164 129, 131, 166 
Tetrahydrofuran 42 72, 71 
Toluene 92 91 
1,2,3-Trichlorobenzene 180 182, 145 
1,2,4-Trichlorobenzene 180 182, 145 
1,3,5-Trichlorobenzene 180 182, 145 
1,1,1-Trichloroethane 97 99, 61 
1,1,2-Trichloroethane 83 97, 85 
Trichloroethene 95 97, 130, 132 
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TABLE 4 (cont.) 
 

VOA COMPOUNDS AND CHARACTERISTIC IONS 
 

COMPOUND 1° ION 2° ION 
Trichlorofluoromethane 151 101, 153 
1,2,3-Trichloropropane 75 77 
1,2,3-Trimethylbenzene 105 120 
1,2,4-Trimethylbenzene 105 120 
1,3,5-Trimethylbenzene 105 120 
Vinyl Acetate 43 86 
Vinyl Chloride 62 64 
Xylenes (Total) 106 91 
1-Chlorohexane 91 55,43 
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TABLE 5 
 

ANALYTE QUANTITATION AND INTERNAL STANDARDS 
 

Pentafluorobenze 1,4-Difluorobenzene Chlorobenzene - d5 1,4-Dichlorobenzene - d4 
Dichlorodifluoromethane 1,2-Dichloroethane 1,3-Dichloropropane 1,1,2,2-Tetrachloroethane 
Chloromethane 1,1-Dichloropropene Tetrachloroethene 1,2,3-Trichloropropane 
Bromomethane Carbon tetrachloride Dibromochloromethane Isopropylbenzene 
Vinyl chloride Benzene Chlorobenzene Bromobenzene 
Chloroethane 1,2-Dichloropropane 1,1,1,2-Tetrachloroethane 2-Chlorotoluene 
Trichlorofluoromethane Trichloroethene Ethylbenzene 4-Chlorotoluene 
Methylene Chloride Dibromomethane Xylenes (total) 1,3,5-Trimethylbenzene 
Acetone Bromodichloromethane Bromoform Tert-Butylbenzene 
1,1-Dichloroethene cis -1,3-Dichloropropene Styrene 1,2,4-Trimethylbenzene 
1,1-Dichloroethane 4-Methyl-2-pentanone 2-Hexanone Sec-Butylbenzene 
 cis-1,2-Dichloroethene Toluene-d8 (surr.) Bromoform 1,3-Dichlorobenzene 
trans-1,2-Dichloroethene Toluene  P-Isopropyltoluene 
Chloroform trans-1,3-Dichloropropene  1,4-Dichlorobenzene 
2,2-Dichloropropane 1,1,2-Trichloroethane  1,2-Dichlorobenzene 
2-Butanone 1,2-Dibromoethane  N-Propylbenzene 
Methyl-tert-butylether (MTBE) Vinyl Acetate  1,2-Dibromo-3-chloropropane 
Tetrahydrofuran Methyl Methacrylate  1,2,4-Trichlorobenzene 
Bromochloromethane Ethyl Methacrylate  Naphthalene 
1,1,1-Trichloroethane 1,4-Dioxane  Hexachlorobutadiene 
Tertiary-butyl alcohol (TBA) 2-Chloroethylvinyl ether  1,2,3-Trichlorobenzene 
Di-isopropyl ether (DIPE) Bromofluorobenzene (surr.)  cis-1,4-Dichloro-2-butene 
Ethyl-tert-butylether (ETBE)   trans-1,4-Dichloro-2-butene 
Tertiary-amyl methyl ether    Pentachloroethane 
Diethyl Ether   n-Butylbenzene 
Carbon Disulfide   1,3,5-Trichlorobenzene 
Freon-113   1,2,3-Trimethylbenzene 
Iodomethane    
Acrolein    
Isobutyl Alcohol    
Allyl Chloride    
Chloroprene    
Propionitrile    
Methacrylonitrile    
Acrylonitrile    
Cyclohexane    
Methyl Acetate    
Methylcyclohexane    
1-Chlorohexane    
Dibromofluoromethane (surr.)    
1,2-Dichloroethane-d4 (surr.)    
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FIGURE 1 
 

EXAMPLE OF VOA RUNLOG PAGE 
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FIGURE 2 
 

EXAMPLE OF GC/MS STANDARDS RECEIPT LOGBOOK PAGE
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FIGURE 3 
 

EXAMPLE OF VOA STANDARDS PREPARATION LOGBOOK PAGE 
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1.0 SCOPE AND APPLICATION 

 
This SOP describes the procedures utilized by Katahdin Analytical Services, Inc. technical 
personnel to analyze drinking water and groundwater for EDB and DBCP using SW846 
method 8011. This document describes the microextraction technique and the gas 
chromatographic procedures. 

 
1.1 Definitions 

 
ANALYTICAL BATCH: 20 or fewer samples which are analyzed together with the same 
method sequence and the same lots of reagents and with the manipulations common 
to each sample within the same time period or in continuous sequential time periods. 
 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to 
determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus. For aqueous samples, laboratory reagent 
grade water is used as a blank matrix; however a universal blank matrix does not exist 
for solid samples, and therefore, no matrix is used. The blank is taken through the 
appropriate steps of the process. 
 
QUALITY CONTROL REFERENCE SAMPLE (QCS): A solution of method analytes of 
known concentrations that is used to fortify an aliquot of laboratory reagent grade 
water.  The QCS is obtained from a source external to the laboratory and different from 
the source of calibration standards.  It is used to check laboratory performance with 
external prepared test materials. 
 
LABORATORY CONTROL SAMPLE (LCS) (QC Check Standard): An aliquot of 
laboratory reagent grade water to which known quantities of the method analytes 
added in the laboratory.  The LCS is analyzed exactly like a sample, and its purpose is 
to determine whether the methodology is in control, and whether the laboratory is 
capable of making accurate and precise measurements. 
 
STANDARD CURVE (CALIBRATION CURVE): A calibration where aqueous 
calibration standards are prepared and processed in exactly the same manner as a 
sample.  The calibration standards are extracted using the same process as the 
samples. Using procedural standard calibration compensates for any inefficiency in the 
processing procedure. The curve plots concentration of known analyte standard versus 
the instrument response to the analyte. 
 
STOCK STANDARD SOLUTION: A concentrated solution containing or more method 
analytes purchased from a reputable commercial source.  Stock standard solutions are 
used to prepare calibration standards. 
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PRIMARY DILUTION STANDARD SOLUTION: A solution of several analytes prepared 
in the laboratory from stock standard solutions and diluted as needed to prepare 
calibration solutions and other needed analyte solutions. 
 
CALIBRATION STANDARD (WORKING STANDARD): A solution prepared from the 
primary dilution standard solution and stock standard solution, which is used to 
calibrate the instrument response with respect to analyte concentration. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally 
found in environmental samples. These compounds are spiked into all blanks, 
standards, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 
 
KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS): A complete multi-user 
system with the capabilities of integrating laboratory instrumentation, generating 
laboratory worksheets, providing complete Lab Order status and generating reports. 
KIMS utilizes these features through a database. 
 
PE NELSON TURBOCHROM or HP Chemstation: data acquisition systems that are 
used to collect chromatographic data. The systems can also be used to archive raw 
data files. 
  
TARGET:  An Oracle database used to store and organize all Target data files. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced in 
the analysis of EDB, DBCP according to SW846 method 8011. Each analyst must 
demonstrate and document their ability to generate acceptable results with this method. 
Refer to Katahdin SOP QA-805, current revision, “Personnel Training & Documentation 
of Capability”. 
 

 It is the responsibility of all Katahdin technical personnel involved in the analysis of 
EDB and DBCP according to SW846 Method 8011 to read and understand this SOP, 
to adhere to the procedures outlined, and to properly document their data in the 
appropriate lab notebook. Any deviations from the test or irregularities with the samples 
should also be recorded in the lab notebook and reported to the Department Manager 
or designated qualified data reviewer responsible for this data. 

 
 It is the responsibility of the Department Manager to oversee that members of their 

group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 
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1.3 Health and Safety 
 

Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. 
 
NOTE: 1,2-Dibromoethane and 1,2-Dibromo-3-chloroproane have been 
tentatively classified as known or suspected human or mammalian 
carcinogens. Pure standard materials and stock standard solutions of these 
compounds should be handled in a hood. A reference file of material safety data 
sheets is available to all personnel involved in the chemical analysis. Everyone involved 
with the procedure must be familiar with the MSDSs for all the materials used in this 
procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and 
lab coats when working with chemicals or near an instrument and not taking food or 
drink into the laboratory. Each analyst should know the location of all safety 
equipment. Each analyst shall receive a safety orientation from their Department 
Manager, or designee, appropriate for the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Plan for further details on pollution 
prevention techniques. 
 
Wastes generated during the preparation of samples must be disposed of in 
accordance with the Katahdin Hazardous Waste Management Plan and Safety 
Manual and SOP SD-903, “Sample Disposal,” current revision. Expired standards 
are lab packed, placed in the Katahdin hazardous waste storage area, and disposed 
of in accordance with this SOP. 
 
Wastes generated during standards preparation are disposed of in the Mixed 
Flammable Waste (O).  The extraction VOA vial waste is disposed of in the Sep 
Funnel Aq Waste (N-Low).  After the extracts have been analyzed, the autosampler 
vials and any expired standard vials or ampules are disposed of in the Organic Vial 
Waste (P). 
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2.0 SUMMARY OF METHOD 
 

2.1 Thirty-five mls of sample are extracted with 2 ml of hexane. Two uL of the extract 
are then injected into a gas chromatograph equipped with a linearized electron 
capture detector for separation and analysis. Aqueous matrix spikes are extracted 
and analyzed in an identical manner as the samples in order to compensate for 
possible extraction losses. 

 
2.2 The extraction and analysis time is 15 to 30 minutes per sample depending upon 

the analytical conditions chosen. 
 
2.3 Confirmatory evidence is obtained using a dissimilar column. 

   
 
3.0 INTERFERENCES 
 

Impurities contained in the extraction solvent can cause analytical difficulties. Contamination 
is often not due to the analytes of interest but other organochlorine compounds.  EDB at 
low concentrations may be masked by very high concentrations of Dibromochloromethane 
(DBCM) a common chlorinated drinking water contaminant. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Gas chromatograph: GC Hewlett Packard 6890 series connected to the Turbochrom 
or HP Chemstation data system, or equivalent. 
 

4.2 Columns: Instruments are configured with a pre-column originating from the injection 
port which is connected to deactivated glass Y splitter that connects two different 
columns to two detectors. The most commonly used columns are: RTX-35 30M x 0.53 
mm ID, RTX-5 30M x 0.53 MM ID, or RTX-1701 30M x 0.53 mm ID. Equivalent 
columns can be used. 

 
4.3 Detectors: - Electron capture detectors (ECD).   

 
4.4 Analytical top loading balance capable of weighing to 0.01g. 

 
4.5 Volumetric flasks, class A: sizes as appropriate with the ground-glass stoppers. 
 
4.6 Syringes: various sizes for preparing standards and injecting samples on the 

instrument. 
 
4.7 Vials: various sizes and types including crimp tops. 
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4.8 Glass VOA vials, 40.0mL capacity 
 
4.9 50mL glass graduated cylinder 
 
4.10 Disposable Pasteur pipettes 
 
4.11 Refrigerator for storage of extracts and standards. 

   
 
5.0 REAGENTS 
 

5.1 Tetrachlorometaxylene (TCMX) surrogate solution (1000 µg/mL) in methanol. 
 
5.2 Dibromochloromethane (DBCM) solution (100 µg/mL) in methanol. 
 
5.3 Stock standard solutions: Certified solutions purchased from suppliers like Restek or 

other acceptable retailers. Expiration dates are six months from date of opening vial or 
sooner if manufacturers date is less. Upon receipt, all standards are logged into the 
appropriate logbook with the date of receipt, expiration date, source, lot number, 
solvent and concentration of compounds.   

 
5.4 Primary Dilution standards: Prepared through the dilution of the stock standards with 

methanol. Methanol solutions prepared from liquid analytes are stable for at least four 
weeks when stored at 4° C.  Information is documented in a separate logbook. 

 
5.5 Quality Control Reference Sample. A certified solution containing the compounds EDB 

and DBCP from a vendor other than that used for initial calibration.  
 
5.6 Sodium chloride, reagent grade crystals. 

 
5.7 Laboratory reagent grade water. 
 
5.8 Hexane - Baker analyzed or equivalent. 
 
5.9 Methanol - demonstrated to be free of contaminants. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Samples are colleted in 40 mL VOA vials preserved with HCL and filled with no headspace.  
This will dechlorinate the samples.  They are stored at 4 (±2) °C until times of extractions. 

 
Samples must be extracted within 14 days from the date of sampling. Sample extracts must 
be analyzed within 24 hours of extraction. 
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7.0 PROCEDURES 
 

7.1 INSTRUMENT CONDITIONS: 
 

Refer to the instrument logbook for the current column and conditions. 
 

Typical conditions are: 
  
 Makeup flow: 60 mL/min Ar/Methane or Nitrogen 
 Column flow: 4 mL/min Helium 
 Injector Temp: 150°C 
 Detector Temp: 300°C 
 Oven Ramp: 80(0.5) - (12°C/min) - 200(0) - 25°C/min - 270(0.7) 
 Run time: 14 min 
 Injection size: 2 uL 

 
7.2 SAMPLE PREPARATION 

 
7.2.1 Remove samples and standards from storage and allow them to reach room 

temperature.   
 

7.2.2 For samples and field blanks contained in 40-mL bottles, remove the container 
cap. Discard a 5-mL volume using a transfer pipette. Replace the container 
cap and weigh the container with contents to the nearest 0.01g and record the 
weight in the preparation logbook (Figure 1).  This will be used for subsequent 
sample volume determination. 

 
7.2.3 For calibration standards, check standards, QC reference samples, and 

blanks, measure a 35 mL volume using a 50 mL graduated cylinder and 
transfer it to a 40 mL sample container. 

 
7.3 CALIBRATION STANDARDS 

 
7.3.1 Prepare the following primary dilution standards: 
 

7.3.1.1 Two mixes of EDB and DBCP: one at a concentration of 0.07 and 
another at a concentration of 0.70 ng/uL in methanol.   

 
7.3.1.2 One mix of EDB and DBCP at a concentration of 0.07 ng/uL in 

methanol from a source other than that used for the initial calibration. 
 
7.3.1.3  A solution of the surrogate at a concentration of 0.70 ug/ml in 

methanol.   
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7.3.1.4 A solution of DBCM at a concentration of 0.70 ug/ml in methanol.  
  

7.3.2 Prepare six calibration standards at the following concentrations by adding 
sufficient quantities of the primary dilution standards to seven 40-ml VOA vials: 

 
Initial Surr. 

Vol (ul) 
Initial Std. 
Vol. (ul) 

Initial Std. 
Conc. (ug/ml) 

Final Vol. 
(ml) 

Final Surr. 
Conc. (ug/L) 

Final Std.  
Conc. (ug/L) 

25 25 0.070 35 0.50 0.05 
37.5 50 0.070 35 0.75 0.10 
50 125 0.070 35 1.0 0.25 

62.5 250 0.070 35 1.25 0.50 
125 50 0.70 35 2.5 1.0 
250 125 0.70 35 5.0 2.5 

 
7.3.3 Laboratory Control Sample (check standard) - Prepare at a concentration of 

0.25 ug/L by adding 125 ul of the 0.07 ug/ml primary dilution standard 
containing EDB and DBCP from section 7.3.1.1 to a 40 ml VOA vial. 

 
7.3.4 MDL check sample (Laboratory Control Sample for assessing the laboratory 

sensitivity) - Prepare at a concentration of 0.05 ug/L by adding 25 ul of the 
0.07 ug/ml primary dilution standard containing EDB and DBCP from section 
7.3.1.1 to a 40 ml VOA vial. 

 
7.3.5 Quality Control Reference Sample – Prepare at a concentration of 0.25 ug/L 

by adding 125 ul of the 0.07 ug/ml alternate source dilution standard 
containing EDB and DBCP from section 7.3.1.2 to a 40 ml VOA vial. 

 
7.3.6 DBCM check sample – Prepare at a concentration of 1.0 ug/L by adding 500 

ul of the 0.07 ug/ml standard containing DBCM from section 7.3.1.4 to a 40 ml 
VOA vial. 

 
7.4 EXTRACTION 

 
7.4.1  Add 125 uL of TCMX surrogate solution (0.70ng/uL) to each method blank, 

QC reference sample and sample VOA vial. The effective concentration of 
TCMX is 2.5 ug/L. 

 
7.4.2 Remove the container cap and add 6 g of NaCl to all the samples. 
 
7.4.3 Recap the sample container and dissolve the NaCl by shaking by hand for 

about 20 seconds. 
 
7.4.4  Remove the cap and using a gas-tight syringe, add 2.0 ml of hexane.  Recap 

and shake vigorously by hand for 3 minutes.  Allow the water and hexane 
phases to separate.  If stored at this stage, keep the container upside down. 
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7.4.5 Remove the cap and carefully transfer a sufficient amount (0.5 -1.0 ml) of the 
hexane layer into a vial using a disposable glass pipette. 

 
7.5 CALIBRATION 

 
7.5.1  The GC system is calibrated using the external standard calibration procedure. 

Each calibration standard is injected using the technique that is used to 
introduce the actual samples into the GC.  The Target system will calculate a 
peak height for all compounds.  A calibration curve can be prepared in Target 
using the peak height against the concentration of the standard.  A non-linear 
calibration applying a second order polynomial (quadratic fit) equation is used 
to prepare the curve.  In order to be used for quantitative purposes, the 
Coefficient of Determination (r2) must be greater than or equal to 0.990.  The 
quadratic equation is:  

   
y = ax2 + bx + c 
 
where: y = Instrument response 
 b = Slope of the line 
 x = Concentration of the calibration standard 
 c = the intercept 

 
7.5.2 A non-linear calibration model may not be allowable for certain states, 

federal programs, or clients.  South Carolina does not allow non-linear 
calibration work originating in their state.  In these cases, a linear calibration 
model must be used. Each calibration standard is injected using the technique 
that is used to introduce the actual samples into the GC.  The Target system 
will calculate a peak height for all compounds. A calibration  curve can be 
prepared in Target using the peak height against the concentration of the 
standard. 

 
7.5.2.1 Linear calibration using the average calibration factor 

 
The calibration factor (CF) is calculated using the following formula: 
 
CF= As / Cs 
 
where: As = Peak area (or height) of the analyte or surrogate. 
 Cs = Concentration of the analyte or surrogate, in μg/L. 
 
To evaluate the linearity of the initial calibration, calculate the mean 
CF, the standard deviation (SD), and the RSD. 
If the RSD of the calibration factor is less than or equal to 20% over 
the calibration range, then linearity through the origin may be 
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assumed, and the average calibration or response factor may be 
used to determine sample concentrations. 

 
7.5.2.2 Linear calibration using a least squares regression  

 
y = bx + c 
 
where: y = Instrument response 
 b = Slope of the line 
 x = Concentration of the calibration standard 

   c = the intercept 
 

The analyst should not force the line through the origin, but have the 
intercept calculated from the five data points. In addition, do not 
include the origin (0,0) as a sixth calibration point. The regression 
calculation will generate a correlation coefficient (r) that is a measure 
of the "goodness of fit" of the regression line to the data. A value of 
1.00 indicates a perfect fit. In order to be used for quantitative 
purposes, r must be greater than or equal to 0.995.  The ICAL must 
be successful before any samples or other QC check samples can be 
analyzed.   

 
7.5.1 An LCS must be analyzed after an initial calibration prior to any samples being 

analyzed. 
 

7.6 RETENTION TIME WINDOWS 
 

7.6.1 Three injections of all single component standard mixtures throughout the 
course of a 72-hour period. 

 
7.6.2 The standard deviation of the three retention times is calculated for each 

single component standard.  
 

7.6.3 Plus or minus three times the standard deviation of the retention times for 
each standard is used to define the retention time window; however, the 
experience of the analyst should weight heavily in the interpretation of 
chromatograms.   

 
7.6.4 Retention time windows are calculated for each standard on each GC column 

at method setup and after major maintenance, including whenever a new GC 
column is installed.  The data is kept on file in the laboratory.   

7.6.5 If the calculated retention time window results in a value of 0.03 minutes or 
less, the laboratory will apply nominal windows. This is done in order to avoid 
any false negative hits because of the window being too narrow. By utilizing 
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these windows, a false positive hit may be initially indicated, but an 
experienced analyst could determine a false positive by carefully evaluating 
the chromatograms. Please note that the use of nominal retention time 
windows may not be allowable for certain states, federal programs, or clients.  
South Carolina does not allow the use of nominal limits for compliance work 
originating in their state.  In these cases, a window of ± 0.03 minutes must be 
used if the established retention time window is less than 0.03 minutes. 

 
7.7 GAS CHROMATOGRAPHIC ANALYSIS 
 

7.7.1 All instrument injections are performed using the direct injection technique with 
an autosampler set for 2-5 uL injection volumes. 

 
7.7.2 Samples are analyzed in a set referred to as an analytical sequence. A typical 

sequence includes the following: 
 

• Initial Calibration Standards 
• Quality Control Reference Sample - 0.1ug/L 
• MDL Check sample - 0.05ug/L 
• DBCM Check sample - 1ug/L 
• Method Blank 
• Laboratory Control Sample (Check standard) - 0.25ug/L 
• Samples 
• Calibration Verification Standard 

 
 The sequence begins by calibrating the instrument with a six point calibration 

as listed in Section 7.3 followed by the Quality Control Sample and the MDL 
check sample.  If the calibration curve and the QC samples meet the 
acceptance criteria listed in section 8.3 the analysis is continued with a method 
blank, LCS and sample extracts. If a calibration curve has been analyzed 
previously on a different day, the calibration can be verified by analyzing a 
mid-point calibration verification standard (CV).  If the recovery for each 
analyte is between 70% and 130% of the expected value, this CV can be used 
to start the analytical sequence and samples can then be analyzed.  A CV has 
to be analyzed at the end of the analytical sequence or every 12 hours, 
whichever is first. For clients or projects requiring DoD QSM, current version, 
the response for any analyte must not vary from the expected response by 
more than + 20%, or a new calibration curve must be prepared for that analyte.  
If the CCV fails the above criteria, reanalyze all samples since the last 
successful calibration verification.  If reanalysis cannot be performed, data 
must be qualified and explained in the narrative.  Additionally, apply a Q-flag to 
all results for the specific analyte(s) in all samples since the last acceptable 
calibration verification.  If the CV fails, the instrument is checked for any 
obvious problems and maintenance is performed if deemed necessary.  
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Another CV is analyzed or the instrument is recalibrated and then samples are 
injected.  All samples that were injected after the standard exceeding the 
criterion must be reinjected to avoid errors in quantitation, if the initial analysis 
indicated the presence of the specific target analyte that exceeded the 
criterion. 

 
7.7.3 The center of the retention time window for each analyte and surrogate is 

established by using the absolute retention time for each analyte and 
surrogate from the daily opening calibration verification or initial calibration. 

 
7.7.4 An analyte is tentatively identified when a peak retention time from a sample is 

close to the retention time of the calibration standard and the check standard. 
Confirmation is required on a dissimilar GC column. If the compound is 
detected on a second column and the quantitation agrees within ±40%, then 
the higher value is reported. 

 
7.7.5 If the response for an analyte exceeds the calibration range of the system, the 

sample must be diluted and reanalyzed. 
 

7.7.6 When a GC system is determined to be out of control because either a CV can 
not pass or a six point calibration does not meet the correlation coefficient 
criteria, instrument maintenance is likely necessary. Routine instrument 
maintenance may involve changing the septum, replacing the liner, clipping 
the pre-column, or replacing the column. This information is recorded in the 
instrument run log (Figure 2). When an instrument requires more severe 
maintenance like replacing the ECD or an electronic board, this information is 
written in the instrument maintenance logbook. 

 
7.8 DETERMINATION OF SAMPLE VOLUME 

 
For samples and field blanks, remove the cap from the sample container. Discard the 
remaining sample/hexane mixture. Shake off the remaining few drops using short, 
brisk wrist movements. Reweigh the empty container with the original cap, record the 
weight to the nearest 0.01 g in the preparation logbook. Calculate the weight of 
sample by subtracting the weight of the vial from the original weight of the vial plus 
sample.  Record the difference to the nearest 0.01g in the preparation logbook.  

 
7.9 CALCULATIONS 

 
7.9.1 The concentration of an analyte is calculated by using the calibrated curve that 

is prepared in Target. When an analyte is identified, Target displays a 
concentration when the file is processed through the appropriate calibrated 
method. 
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7.9.2 The concentrations from the reports are then incorporated with the extraction 
data to arrive at a final concentration as follows (waters): 
 
Concentration (ug/L) = (C) (D) (35) / (Vs) 

 
Where: C=concentration calculated by Target in ug/L 
 D=Instrument dilution 
 Vs=Volume of sample extracted in ml 
 

7.10 DATA REVIEW 
 

7.10.1 Initial Data Review 
 

The analyst who ran the samples accomplishes the initial data review. This 
review is of sufficient quality and detail to provide a list of samples that need 
to be reanalyzed or diluted and reanalyzed.  The initial data review is 
performed in Target Review.  This data review examines criteria that directly 
impact whether or not the sample needs to be reanalyzed and/or extracted.  
These criteria include: 

 
♦ QC criteria for method blank, LCS, and calibration – refer to section 8.0. 
♦ Surrogate recovery 
♦ Chromatography: manual integration. 
♦ Target compound detection: quantitation, confirmation, false positives. 
 
The requirement of the GC laboratory is that this initial data review be 
completed no later than the end of the next workday.  After the analyst has 
completed his or her initial data review, the information is then ready to be 
processed for reporting.  Refer to section 7.10. 

 
7.10.2 Surrogate recovery 

   
 All recoveries must meet the most recently laboratory established 

acceptance limits, which are listed on the GC Laboratory Surrogate 
Acceptance Limit sheet. 

 
The sample is evaluated for the recovery of the surrogate. If the surrogate 
recovery is high and the sample contains less than the PQL for all target 
analytes, the data is narrated.  If the surrogate recovery is low and may be 
attributable to matrix interference or a matrix effect, the data is narrated.  If 
the surrogate recovery is low and the sample concentration is less than the 
PQL for all target analytes and there is no apparent matrix effect, reextract 
the sample. 
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For method blanks, if the recovery of the surrogate is low or high, and the 
blank does not contain any target analytes above the PQL, and the recovery 
of the surrogate in the sample(s) are acceptable, the data is narrated. If the 
recoveries in the blank are low and it does not contain any target analytes 
above the PQL, and the recoveries in the samples are acceptable but the 
sample contains one or more target analytes above the PQL, the sample 
may be reextracted. 

 
For laboratory control samples (LCS), if the only discrepancy in the 
extraction batch is with the LCS, and the analyte spike recoveries are 
acceptable, the data is narrated.  If the recoveries of the surrogate and the 
analyte spikes are low, the samples may need to be reextracted.   
 

7.10.3 Chromatography 
 

The chromatography should be examined for the presence of any non-target 
peaks, which can be used as an indication of whether or not matrix 
interference might be influencing surrogate recoveries.  
 
Manual integrations are to be performed when chromatographic conditions 
preclude the computer algorithm from correctly integrating the peak of 
concern.  In no instance shall a manual integration be performed solely to 
bring a peak within criteria. 

 
Each peak of concern is examined by the primary analyst to ensure that the 
peak was integrated properly by the computer algorithm.  Should a manual 
integration be necessary (for instance, due to a split peak, peak tailing, or 
incomplete resolution of isomeric pairs), they are preformed in Target 
Review. A “m” qualifier will automatically be printed on the quantitation report 
summary. The analyst will date and initial the “m” on the quanitation report 
summary and assign a code that indicates the reason for the manual 
integration.  Refer to Katahdin SOP QA-812 “Manual Integration on GC/MS, 
GC, HPLC and IC Datasystems” for more information. 
 

7.10.4 Target Compound Detection 
 

The chromatogram from channel A is evaluated with that from channel B.  If 
a target analyte is present on both channels and the concentration is within 
the calibration range, and the quantitation from both chromatograms agrees 
within ±40%, the analyte is considered to be present in the sample. The 
higher of the two concentrations is reported. 

 
  In order to avoid reporting false positives, identified peaks on a 

 chromatogram may need to be undetected electronically in Target.  The 
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 possible scenarios are: if an analyte is present on one column but its 
 concentration is below the PQL, if an analyte is present on one column but 
 does not confirm on the other channel, if an analyte is present on both 
 columns but the concentrations differ by more than 40%, or if an analyte is 
 present but its retention time is ±0.04 minutes or more than the retention 
 time of the analyte in the preceding CV. 

 
If reporting data that has an RPD that is >40%, the data must be flagged 
with a “J” indicating that the result is an estimated value.  Sometimes 
interference on one column (i.e. sulfur) will prevent a target analyte from 
detection and it is present on the conformational column.  In this scenario, 
the result would be reported from one column and need to be “Q” flagged to 
indicate that it was not confirmed on a second column. 

   
7.11 REPORTING 

 
After the chromatograms have been reviewed and any target analytes have been 
quantitated using Target, the necessary files are brought into KIMS.  Depending on 
the QC level requested by the client, a Report of Analysis (ROA) and additional 
reports, such as LCS forms and chronology forms, are generated.  The package is 
assembled to include the necessary forms and raw data.  The data package is 
reviewed by the primary analyst and then forwarded to a secondary reviewer.  The 
secondary reviewer validates the data and checks the package for any errors.  When 
the completed, the package is sent to the Department Manager for final review.  A 
completed review checklist (figure 3) is provided with each package.  The final data 
package from the Organics Department is then processed by the Data Management 
Department. 

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

See below and refer to Table 1 for a summary of QC requirements, acceptance criteria, and 
corrective actions. These criteria are intended to be guidelines for analysts.  The table does 
not cover all possible situations.   If any of the QC requirements are outside the recovery 
ranges listed in Table 1, all associated samples must be evaluated against all the QC.  In some 
cases data may be reported, but may be reanalyzed in other cases.  Making new reagents and 
standards may be necessary if the standardization is suspect. The corrective actions listed in 
Table 1 may rely on analyst experience to make sound scientific judgments.  These 
decisions are based on holding time considerations, client and project specific Data Quality 
Objectives and on review of chromatograms. The Department Manager, Operations Manager 
and/or Quality Assurance Officer may be consulted to evaluate data.  Due to time constraints, 
samples may not be able to be reanalyzed within hold time.  In these cases “qualified” data 
with narration may be advisable after consultation with the client. 
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In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed.     
 
8.1 For each analytical batch (up to 20 samples), a method blank, a laboratory control 

sample (check standard), a matrix spike and matrix spike duplicate are analyzed. For 
every initial calibration curve that is prepared and analyzed, a DBCM check and a 
MDL check sample are analyzed.  Once a week a QC Reference Sample is analyzed.  
They are carried through all stages of the sample preparation and analysis steps. 

 
8.2 Spike concentrations: The LCS (check standard) and the MS/MSD are spiked at the 

same concentration. The spike concentrations are: 
 

Compound ug/L 
1,2-Dibromoethane (EDB) 0.25 
1,2-Dibromo-3–chloropropane (DBCP) 0.25 

 
 The QC Reference Sample is spiked at: 

 
Compound ug/L 
1,2-Dibromoethane (EDB) 0.25 
1,2-Dibromo-3–chloropropane (DBCP) 0.25 

 
The spike concentration of the MDL check sample is 0.05 ug/L. 
 

  The surrogate spike concentration is:  
 

Compound ug/L 
Tetrachloro-m-xylene (TCX) 2.5 

 
8.3 QC Reference, LCS, and MS/MSD acceptance criteria and Corrective Action: All QC 

samples are calculated for percent recovery of the spiked analyte(s). The recoveries 
are compared to the method acceptance limits of 60-140%.   

 
  The MDL check sample method acceptance limits are 60-140%. 
 

If the QC Reference check sample is outside of the method acceptance limits, a new 
initial calibration curve must be analyzed. 
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If any spike compound in the laboratory control sample falls outside of the acceptance 
limit window, the QC sample is considered to be out of control and any sample that is 
associated should be reextracted. However, if the recovery is high and the associated 
samples do not contain the specific compound(s), the data can possibly be accepted 
with narration. 
 
If a spike compound is outside of the acceptance limits in the matrix spike sample but 
is acceptable in the LCS, the data is considered acceptable if matrix interference is 
indicated. However, if the compound fails in both the LCS and the MS/MSD, the result 
for that analyte is suspect and may not be reported for regulatory compliance 
purposes. 
 
For DoD QSM 4.1, use QC acceptance criteria specified by DoD, if available. 
Otherwise use in-house control limits.  In-house control limits must not be greater than 
+ 3 times the standard deviation of the mean LCS recovery.  If the LCS fails the 
acceptance criteria, correct problem, then reprep and reanalyze the LCS and all 
samples in the associated preparatory batch for failed analytes, if sufficient sample 
material is available.  If reanalysis cannot be performed, data must be qualified and 
explained in the narrative.  Apply Q-flag to specific analyte(s) in all samples in the 
associated preparatory batch.   
 
For MS, when applying DoD QSM 4.1, apply J-flag to specific analyte(s) also in parent 
sample, if acceptance criteria not met.  RPD must be < 30% between MS and MSD. 

 
8.4 Surrogate acceptance criteria and Corrective Action: Surrogate recoveries are 

calculated on all samples, blanks and spikes. The recoveries are compared to 
laboratory established acceptance limits 

 
When a sample has a surrogate that falls outside of the laboratory established 
acceptance limit window, the problem should be investigated. If the recovery looks like 
it is affected by the sample matrix, the sample may be reinjected to confirm matrix 
interference. When a sample has no detectable surrogate recovery, the sample 
should be reextracted.   
 
For DoD QSM 4.1, use QC acceptance criteria specified by DoD, if available.  
Otherwise, use in-house control limits.  When the surrogate recoveries fall outside of 
the acceptance criteria, apply Q-flag to all associated analytes.   
 

8.5 DBCM: The check standard is run once per ICAL to indicate the retention time of 
DBCM which is close to that of the target analyte EDB. 

 
8.6 NCR: Whenever data is not acceptable because of a failing LCS or surrogate 

recovery, a non-conformance report (NCR) must be initiated as soon as possible. 
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9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
Limits of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 
The Limit of Quantitation (LOQ) is the minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence.  The LOQ shall be set at the lowest point in the calibration curve for all analyses 
utilizing an initial calibration.  LOQ’s must be verified quarterly for every preparation and 
analytical method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the anaysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 

 
Refer to the current revision of SW846 Method 8011 for other method performance 
parameters and requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
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TABLE 1 
 

QC REQUIREMENTS 
 

QC Check Minimum Frequency Acceptance 
Criteria 

Corrective Action 

Six point initial 
calibration 
 
For DoD 4.1, 
minimum 5 point 
initial calibration 

Prior to initial sample 
analysis and when 
continuing calibration 
standard can not meet 
criteria 

Linear regression 
correlation 
coefficient >0.995 
 

(1) Investigate source of problem 
(2)Recalibrate 

QC Reference 
Sample 

Once per week 60-140% Recovery 1) Investigate source of problem 
(2)Recalibrate 

MDL Check 
Sample 

Every Initial Calibration 60-140% Recovery 1) Investigate source of problem 
(2)Recalibrate 

Method blank One per prep batch of 
twenty or fewer samples 

No analyte detected 
>PQL 
 

(1) Investigate source of contamination 
(2) Evaluate the samples and associated 
QC: i.e. If the blank results are above the 
PQL, report sample results which are < 
PQL or > 10X the blank concentration.  
Otherwise, reprep a blank and the 
remaining samples. 

LCS (check 
standard) 

Equivalent to 10% of the 
sample load, or 1 per batch 
of samples extracted, 
whichever is greater 
 

60-140% Recovery  
 
 

(1) Evaluate the samples and associated 
QC: i.e. If an MS/MSD was performed 
and acceptable, narrate.  If an LCS/LCSD 
was performed and only one of the set 
was unacceptable, narrate.  If the 
surrogate recoveries in the LCS are low 
but are acceptable in the blank and 
samples, narrate. If the LCS recovery is 
high but the sample results are < PQL, 
narrate.  Otherwise, reprep a blank and 
the remaining samples. 

Calibration 
Verification 
Standard 

Every 12-hour shift of 
operation, per 10 samples. 
At the beginning and/or end 
of analytical sequence. 
 

70-130% Recovery 
 
 

(1) Evaluate the samples: If the %R<70 
or >130 and sample results are <PQL, 
narrate.  If %R<70 or >130 only on one 
channel, narrate. If %R<70 or >130 and is 
likely a result of matrix interference, 
narrate.  Otherwise, reanalyze all 
samples after the first failing CV. 

Surrogate Every field sample and QC 
sample 

Refer to current GC 
Laboratory 
Established 
Acceptance Limit 
Sheet.  

(1)Reextract sample if no detected 
surrogate recovery 
(2)Notate sample result if matrix 
interference indicated 

Dibromochlorometh
ane (DBCM) 

Every Initial Calibration Different retention 
time from EDB 

Change instrument conditions in order to 
achieve resolution. 
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TABLE 1 (cont.) 
 

QC REQUIREMENTS 
 

QC Check Minimum Frequency Acceptance 
Criteria 

Corrective Action 

Matrix Spike/ 
Matrix Spike 
Duplicate 

One for every set of 20 
samples  
 

60% -140 
%Recovery and 
<30% RPD 

(1) Evaluate the samples and associated 
QC: i.e. If the LCS results are acceptable, 
narrate. (2) If both the LCS and MS/MSD 
are unacceptable, reprep the samples 
and QC. 

Initial P & A study Once per analyst Method specified 
criteria 

Repeat P & A study 

MDL study Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications”, current revision. 
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TABLE 2 
 

DOD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specified criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

Not Applicable (NA). This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification  

Refer to current 
revision of  
SOP QA-806 

        

LOQ 
establishment 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

Retention time 
(RT) window 
width 
calculated for 
each analyte 
and surrogate 

At method set-
up and after 
major 
maintenance 
(e.g., column 
change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT from a 
72-hour study. 

NA. NA.   

Breakdown 
check (Endrin / 
DDT Method 
8081 only) 

At the 
beginning of 
each 12-hour 
period, prior to 
analysis of 
samples. 

Degradation ≤ 15% for 
both DDT and Endrin. 

Correct problem then 
repeat breakdown 
check. 

Flagging criteria are not 
appropriate. 

No samples shall be run 
until degradation ≤ 15% 
for both DDT and Endrin. 

Minimum five-
point initial 
calibration 
(ICAL) for all 
analytes 

ICAL prior to 
sample 
analysis. 

One of the options below: 
Option 1: RSD for each 
analyte ≤ 20%; Option 2: 
linear least squares 
regression: r ≥ 0.995; 
Option 3: non-linear 
regression: coefficient of 
determination (COD) r2 ≥ 
0.99 (6 points shall be 
used for second order). 
Mid point calibration of 
toxaphene and chlordane; 
if detected in sample, 6-
point calibration is 
performed. 

Correct problem then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. Calibration may 
not be forced through the 
origin. Quantitation for 
multicomponent analytes 
such as chlordane, or 
toxaphene must be 
performed using a 5-point 
calibration. Results may 
not be quantitated using a 
single point. 

Retention time 
window 
position 
establishment 
for each 
analyte and 
surrogate 

Once per ICAL 
and at the 
beginning of 
the analytical 
shift. 

Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed. On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA.   
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TABLE 2 
 

DoD QSM REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Second source 
calibration 
verification 
(ICV) 

Immediately 
following ICAL. 

All project analytes within 
established retention time 
windows. GC methods: All 
project analytes within ± 
20% of expected value 
from the ICAL 

Correct problem, rerun 
ICV. If that fails, repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 

calibration 
verification 
(CCV) 

Prior to sample 
analysis, after 
every 10 field 
samples, and 
at the end of 
the analysis 
sequence. 

All project analytes within 
established retention time 
windows. GC methods: All 
project analytes within ± 
20% of expected value 
from the ICAL 

Correct problem, then 
rerun calibration 
verification. If that fails, 
then repeat ICAL. 
Reanalyze all samples 
since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
Retention time windows 
are updated per the 
method. 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater). Blank result 
must not otherwise affect 
sample results. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Laboratory 
control sample 
(LCS) 
containing all 
analytes to be 
reported, 
including 
surrogates 

One per 
preparatory 
batch. 

The laboratory shall use 
laboratory control limits 
(CLs) or use DoD-
generated LCS-CLs, if 
available depending on 
project requirements. In-
house CLs may not be 
greater than ± 3 times the 
standard deviation of the 
mean LCS recovery. A 
number of analytes may 
fall outside the CL but 
within marginal 
exceedance limit 
depending on the total 
number of analytes in the 
LCS. 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  Refer to 
Table G-1 for number 
of marginal 
exceedences allowed.  
Contact Client if 
samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
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TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix spike 
(MS) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

For matrix evaluation, use 
laboratory LCS CLs or 
use DoD-generated LCS-
CLs, if available 
depending on project 
requirements. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation 
only. If MS results are 
outside the LCS limits, the 
data shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix Spike 
duplicate 
(MSD) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

MSD: For matrix 
evaluation, use laboratory 
LCS CLs or use DoD-
generated LCS-CLs, if 
available depending on 
project requirements. 
MS/MSD: RPD ≤ 30%. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Surrogate spike All field and QC 
samples. 

The laboratory shall use 
laboratory surrogate CLs 
or use DoD-generated 
surrogate CLs, if available 
depending on project 
requirements.  

For QC and field 
samples, correct 
problem then reprep 
and reanalyze all failed 
samples for failed 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary.  Contact 
Client if samples 
cannot be reprepped 
within hold time.  

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 

Confirmation of 
positive results 
(second 
column or 
second 
detector) 

All positive 
results must be 
confirmed 

Calibration and QC 
criteria same as for initial 
or primary column 
analysis. Results between 
primary and second 
column RPD ≤ 40%. 

NA. Apply J-flag if RPD > 
40%. Discuss in the case 
narrative. 

Use project-specific 
reporting requirements if 
available; otherwise, use 
method reporting 
requirements; otherwise, 
report the result from the 
primary column (see Box 
D-16). 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

 
TOPIC KATAHDIN SOP CA-319-09 

 
METHOD 8011, current revision 

Procedure 1)  7.4.2 Remove the container cap and add 6 
g of NaCl to all the samples. 

2) Katahdin does not perform this step. 
 

1) 7.4.1 Remove the container cap and add 7 
g of NaCl to all the samples. 

2) 7.4.5 Transfer the remaining hexane 
phase, being careful not to include any of 
the water phase, into a second vial.  
Reserve this second vial at 4oC for 
reanalysis if necessary. 

 
QC-Frequency of check 
standard, DBCM and 
MDL Check Sample 

8.1 … For every initial calibration curve 
that is prepared and analyzed, a DBCM and a 
MDL check sample are analyzed…. 

There is no reference to a MDL check 
sample or a DBCM. 
The check standard or LCS is 
8.3  The laboratory must demonstrate on a 
frequency to 5% of the sample load or once 
per analytical batch… 

 
QC-Surrogate 
 

Surrogate Tetrachloro-m-xylene is added to 
all samples, blanks, and standards. 
 
 

No reference to a surrogate. 

Target compound 
identification 
 

7.5.4  …If an analyte is present but its 
retention time is ±0.04 minutes or more than 
the retention time of the analyte in the 
preceding CV, then the analyte is 
undetected electronically in Target. 

7.7.1  Identify EDB and DBCP in the 
sample chromatogram by comparing the 
retention time of the suspect peak to 
retention times generated by the calibration 
standards and the check standard. 
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Table 4 
 

PRATICAL QUANTITATION Limits 
 

 Analyte (ug/L) 
1,2-Dibromoethane 0.05 
1,2-Dibromo-3-Chloropropane 0.05 

 
 

• In some case (ie. South Carolina NPDES work) a lower PQL may be required.  In these cases a 
calibration point at 0.01 ug/L shall be analyzed and the PQL can be changed to 0.02ug/L 
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FIGURE 1 
 

PREPARATION LOGBOOK 
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FIGURE 2 
 

INSTRUMENT RUN LOG 
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FIGURE 3 
 

DATA REVIEW CHECKLIST 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the method used by Katahdin Analytical Services 
technical personnel to prepare samples for analyses of Total Petroleum Hydrocarbons 
(TPH) or Diesel Range Organics (DRO) in water. These compounds correspond to a 
hydrocarbon range of C9-C36 inclusive and a boiling point range between approximately 
170°C and 430°C. The method is based on a solvent extraction procedure followed by Gas 
Chromatography (GC) analysis. 
 
The method is designed to measure “mid-range” to “heavy” petroleum products. This range 
would include JP-4, JP-5, JP-8, kerosene, diesel #2, #4, #6, and motor oil. Components 
greater than C36 present in products are not readily amenable to this method. If, based on a 
review of the chromatogram, the presence of these product types is suspected, a qualitative 
description should be included in the report. Additional analyses may be performed 
including, but not limited to, analysis of additional reference materials. These additional 
efforts are not contained within this method. 

 
1.1 Definitions 

 
TOTAL PETROLEUM HYDROCARBONS (TPH): All resolved and unresolved 
material eluting from n-nonane (n-C9) through n-hexatriacontane (n-C36), inclusive.   
 
DIESEL RANGE ORGANICS (DRO): All resolved and unresolved material eluting 
from decane (n-C10) through n-octacosane (n-C28), inclusive.  
 
ANALYTICAL BATCH: 20 or fewer samples which are analyzed together with the same 
method sequence and the same lots of reagents and with the manipulations common to 
each sample within the same time period or in continuous sequential time periods. 
 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to determine 
if method analytes or other interferences are present in the laboratory environment, the 
reagents, or the apparatus.  For aqueous samples, reagent water is used as a blank 
matrix; for soil samples, baked organic-free sand is used as a blank matrix.  The blank is 
taken through the appropriate steps of the process. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source, and is analyzed exactly like a sample.  Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements.  The matrix used 
should be phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  Samples are split into duplicates, spiked and analyzed.  
Percent recoveries are calculated for each of the analytes detected.  The relative 
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percent difference between the samples is calculated and used to assess analytical 
precision. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally found 
in environmental samples.  These compounds are spiked into all blanks, standards, 
samples and spiked samples prior to analysis.  Percent recoveries are calculated for 
each surrogate. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced in 
the extraction of water samples for the determination of petroleum hydrocarbons or 
DROs. Each analyst must demonstrate and document their ability to generate 
acceptable results with this method. Refer to Katahdin SOP QA-805, current revision, 
“Personnel Training & Documentation of Capability,” current revision, and Section 8.2. 

 
It is the responsibility of all Katahdin technical personnel involved in the extraction of 
water and soil samples for the determination of petroleum hydrocarbons or DROs to 
read and understand this SOP, to adhere to the procedures outlined, and to properly 
document their data in the appropriate lab notebook. Any deviations from the test or 
irregularities with the samples should also be recorded in the lab notebook and reported 
to the Department Manager or designated qualified data reviewer responsible for this 
data. 

 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure must 
be familiar with the MSDSs for all the materials used in this procedure. 

 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste Plan 
and must follow appropriate procedures.  These include the use of appropriate personal 
protective equipment (PPE) such as safety glasses, gloves and lab coats when working 
with chemicals or near an instrument and not taking food or drink into the laboratory. 
Each analyst should know the location of all safety equipment. Each analyst shall 
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receive a safety orientation from their Department Manager, or designee, appropriate for 
the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention techniques 
to address their waste generation.  Refer to the current revision of the Katahdin 
Hazardous Waste Plan for further details on pollution prevention techniques. 

 
Wastes generated during the preparation of samples must be disposed of in 
accordance with the Katahdin Hazardous Waste Plan and Safety Manual and SOP 
SD-903, “Sample Disposal,” current revision. Expired standards are lab packed, 
placed in the Katahdin hazardous waste storage area, and disposed of in accordance 
with this SOP. 
 
Any methylene chloride solvent waste generated during the rinsing of glassware etc. 
should be disposed of in the “D” waste stream satellite accumulation area nearest the 
point of generation.  Acetone is considered flammable waste, and should be disposed 
of in the “O” waste stream satellite accumulation area nearest the point of generation.  
Sodium sulfate waste should be disposed of in the soil with organics “I” waste stream 
satellite accumulation area nearest the point of generation.  Please refer to the 
current revision of SOP CA-107 for the location of satellite waste accumulation areas.   

   
 
2.0 SUMMARY OF METHOD 
 

Samples are extracted with methylene chloride using separatory funnels following EPA 
Method 3510 or continuous liquid liquid extractors (CLLE) 3520 for subsequent analysis for 
Total Petroleum Hydrocarbons or Diesel Range Organics.  The extract is dried, 
concentrated and injected into a capillary column gas chromatograph. This method is 
suitable for the analysis of aqueous samples. 
 
This method is based in part on: 1) Petroleum Hydrocarbon Methods by API revised August 
1993; 2) The Wisconsin DRO method, 3) SW-846 methods 3510, 3520, 3540, and 3550, 4) 
The Massachusetts EPH method; and 5) The Maine DRO method. 

   
 
3.0 INTERFERENCES 
 

3.1 Other organic compounds including chlorinated hydrocarbons, phenols, and 
phthalate esters are measurable by this method. As defined in the method, the DRO 
results include these compounds. Interferences coextracted from the samples will 
vary considerably from source to source. If analysis of an extracted sample is 
prevented due to interferences, further cleanup of the sample extract may be needed 
to minimize interferences. 
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3.2 Method interferences are reduced by washing all glassware with hot soapy water 
and then rinsing it sequentially with tap water, methanol or acetone, and methylene 
chloride. Method/reagent blanks (Surrogate Control Samples) must be analyzed with 
each batch to demonstrate that the samples are free from method interferences. 

 
3.3 High purity reagents such as Burdick and Jackson GC methylene chloride or Baker 

capillary grade methylene chloride must be used to minimize interferences. 
   
 
4.0 APPARATUS AND MATERIALS 
 

Prior to use, all glassware must be rinsed three times with the solvent to be used for 
extraction. 

 
4.1 Separatory Funnel - 2000 mL capacity, Nalgene Teflon FEP separatory funnels with 

Nalgene Tefzel® screw-cap closures (or equivalent) 
 
4.2 Concentrator tube - 10 mL, graduated   

 
4.3 Evaporative flask - Kuderna-Danish, 500 mL capacity attached to concentrator with 

neck clips  
 

4.4 Snyder column - Kuderna-Danish, three ball macro 
 
4.5 Graduated cylinders - 100 mL, 1000 mL, or 2000 mL 

 
4.6 Short stem funnels 

 
4.7 250 mL amber collection bottles with Teflon-lined caps 

 
4.8 1.8 mL, 12 mL and/or 16 mL glass vials with Teflon-lined caps 

 
4.9 Continuous liquid-liquid extractors (CLLE) including body, 500 mL flat bottom boiling 

flask and Alhin condensers 
 

4.10 Filter paper, 18.5 cm, Fisher brand or Whatman #4 (or equivalent) 
 

4.11 Nitrogen evaporation apparatus. 
 

4.12 Boiling chips - approximately 10/40 mesh, Teflon or selenized carborundum, 12 
mesh (or equivalent). 

 
4.13 Water bath - eight position concentric ring bath or equivalent, equipped with a 

calibrated thermometer. 
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5.0 REAGENTS 
 

5.1 Reagent water - water in which an interferent is not observed at or above the PQL for 
any parameter of interest (laboratory reagent grade water or equivalent).  

 
5.2 Sodium sulfate (granular, anhydrous and powdered, anhydrous) (ACS reagent 

grade), Na2SO4 . Certified by the manufacturer/vendor as purified by heating at 
400°C for 4 hours prior to receipt by the laboratory. 

 
5.3 Acid for preserving water samples: A 1:1 mixture of reagent water and concentrated 

hydrochloric acid.  Use ~5 mL per 1 L sample. 
 
5.4 Methylene Chloride (MeCL2) and Acetone - Pesticide grade or better. Lots must be 

verified by concentrating 300-400 mL to 1.0 mL and evaluating by GC/MS. 
 
5.5 Surrogate spiking solution - Prepare a solution of o-Terphenyl at a concentration of 

20 ug/mL in acetone. Store the solution at -10 to -20 °C in a Teflon sealed container. 
Solution must be verified by GC/FID prior to use, and must be replaced every 6 
months or sooner if degradation is evident. 

 
5.6 Matrix Spike/Lab Control Sample spiking solution - Prepare a matrix spiking solution 

in pesticide grade Acetone that contains all target analytes listed below: 
 

Component Concentration 
µg/mL 

Decane 50 
Dodecane 50 
Tetradecane 50 
Hexadecane 50 
Octadecane 50 
Eicosane 50 
Docosane 50 
Tetracosane 50 
Hexacosane 50 
Octacosane 50 

 
Alternatively, a Matrix Spike/Lab Control Sample spiking solution may be prepared 
using a commercially available fuel oil such as Diesel Fuel #2, unweathered, from 
Restek.  Prepare a 500 ug/L standard in pesticide grade Acetone.  This spike may 
be required for by some certain states, federal programs, or clients (such as South 
Carolina). 
 
Store the both solutions at –10 to -20 °C in a Teflon sealed container. The solutions 
must be verified by GC/ECD prior to use, and must be replaced every 6 months or 
sooner if degradation is evident. 
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6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

  
Aqueous samples are collected in a 1L amber glass bottle.  As soon as possible after 
samples are received they must be stored at 4°C (±2°C) until extraction.  When water 
samples are not received cold, the fact should be noted on the chain of custody form. The 
pH of aqueous samples must be checked with pH paper upon receipt to ensure that the 
samples have been acid preserved. If the pH is not < 2, the fact should be noted on the 
chain of custody form. Samples that have not been preserved should be preserved at this 
time and a notation made on the chain of custody form. 
 
Holding time for extraction of aqueous samples for Methods 3510 and 3520 is 7 days from 
date of sample collection, although the analyst should be aware that actual holding times 
employed may be project/program specific.  
 
Store all extracts at 4°C (±2°C) in labeled Teflon-sealed containers.  See SOP SD-902, 
"Sample Receipt and Internal Control," current revision, for storage areas and temperature 
maintenance procedures. 

   
 
7.0 PROCEDURES 

 
The following information must be recorded in the extraction logbook (all that are 
applicable). 
 
• Extraction method 
• Surrogate and spike IDs 
• Lot numbers of all solvents, acids and bases, sodium sulfate, filter paper 
• Nitrogen evaporation water bath temperature 
• pH 
• Extraction and concentration dates 
• Extraction and concentration analyst 
• Separatory funnel extraction start and end times. 
• CLLE extraction start and end times, also the prep start and end times. 
• Sample ID or QC sample ID 
• Initial and final volumes  
• Surrogate and spike amounts 
• Final extract tray location 
• Any comments regarding the sample extraction (ie. Emulsion) 

 
SEPARATORY FUNNEL SAMPLE EXTRACTION 
 
If an emulsion prevents acceptable recovery or client history indicates samples may 
demonstrate matrix interference, then samples should be extracted by continuous liquid-
liquid extraction (CLLE).  
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7.1 Rinse all glassware three times with methylene chloride prior to use. 
 
7.2 Label a 2 L Teflon separatory funnel and a 250 mL amber collection bottle clearly. 

Label should include laboratory sample number, matrix, analyte, and extraction date.  
Be sure that the detachable stopcocks are secured to the separatory funnels before 
adding samples. 

 
7.3 Measure the initial volume by comparing the meniscus of the sample with the 

reference bottle of the same bottle type.  Please refer to SOP CA-108, “Basic 
Laboratory Technique”, for the reference bottle verification procedure. Record the 
volume and any notable characteristics (e.g. color, presence of sediment, or odor) in 
the extraction logbook.   

 
7.4 Transfer the contents of the sample bottle to a 2 L separatory funnel.   
 
7.5 Transfer 1 L of reagent water to a 2 L separatory funnel. This serves as a method 

blank for the extraction batch. A method blank must be prepared for every daily 
extraction batch of twenty or fewer samples. 

 
7.6 Transfer 1 L of reagent water to a 2 L separatory funnel. This will serve as a 

Laboratory Control Sample (LCS). An LCS is required for every daily extraction batch 
of twenty or fewer samples.  If an MS/MSD pair is not extracted on a particular day, 
an LCS/LCSD pair may be required in order to meet client-specific or program-
specific requirements.  This information will be disseminated from the project 
manager or Department Manager. 

 
7.7 A matrix spike/matrix spike duplicate (MS/MSD) is to be prepared as requested by a 

client or, at a minimum, one pair per 20 samples if there is sufficient sample volume.  
Measure the initial volume as in 7.3.  Transfer two additional 1 L aliquots of sample 
to 2 L separatory funnels for a matrix spike and matrix spike duplicate (MS/MSD).   

 
Note:  Sufficient sample volume should be available without depleting all remaining 
sample aliquots. 

 
7.8 Check to make sure the pH is <2.  Note in the prep logbook if the pH is not <2 and 

adjust if needed with 1:1 HCl.  (This should have been recorded and corrected, if 
necessary, at the time of sample receipt by the sample custodians.) 

 
7.9 Adjust method blank and LCS/LCSD pH to <2 with 1:1 HCl. 
 
7.10 Using a gas-tight syringe, add 1.0 mL of surrogate spiking solution to all samples the 

blank, LCS/LCSD and MS/MSD, if performed. 
 
7.11 Using a gas-tight syringe, add 1.0 mL of matrix spiking solution to each LCS/LCSD 

and MS/MSD. 
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7.12 Carefully add 60 mLs of methylene chloride to each empty sample bottle rinse the 
bottle and transfer the solvent into the appropriate separatory funnel making sure the 
dispenser tip does not come in contact with the bottle. Add 60 mL of methylene 
chloride directly to the blank and LCS/LCSD. 

 
7.13 Ensure that each screw-cap is secured tightly to the separatory funnel to prevent 

leaks.  Extract the sample by first shaking the funnel by hand for a few seconds, 
venting often in a hood to release pressure.  Place funnel on mechanical shaker and 
shake for 3 minutes.  Allow phases to separate. Drain the methylene chloride layer 
into the 250 mL amber collection bottle. 

 
7.14 If an emulsion forms, mechanical techniques must be employed to achieve maximum 

separation and solvent recovery. Such means include swirling and centrifugation and 
draining through a small separatory funnel. In certain instances, transferring the 
entire sample into a continuous liquid-liquid extractor may be the only alternative. If 
any such techniques are used, they must be noted in the extractions logbook. 

 
7.15 Add a second 60 mL aliquot of methylene chloride to the separatory funnel and 

extract for the second time (see 7.11 - 7.12). Collect the methylene chloride layer in 
the same 250 mL amber collection bottle. 

 
7.16 Repeat the extraction for a third time as described in 7.13. 
 
7.17 Proceed to Section 7.32 for extract concentration procedures. 
 
CONTINUOUS LIQUID-LIQUID SAMPLE EXTRACTION (CLLE) 
 
7.18 Set up the CLLE apparatus and add one or two boiling stones to the flask.   All 

glassware should be rinsed three times with methylene chloride and the extract 
flasks properly labeled. 

 
7.19 Add approximately 500 - 600 mL of methylene chloride to the CLLE body. 
 
7.20 Add 1 L reagent water to a CLLE body. This is the method blank for this extraction 

batch. Be sure that no water leaks into the round bottom flask. A method blank is 
required for every extraction batch of twenty or fewer samples. 

 
7.21 Prepare an LCS for every daily extraction batch of twenty or fewer samples. Add 1 L 

of reagent water to a CLLE body. If an MS/MSD pair is not extracted on a particular 
day, an LCS/LCSD pair may be required in order to meet client-specific or program-
specific requirements.  This information will be disseminated from the project 
manager or Department Manager. 
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7.22 Check to make sure the pH is <2.  Note in the prep logbook if the pH is not <2 and 
adjust if needed with 1:1 HCl.  (This should have been recorded and corrected, if 
necessary, at the time of sample receipt by the sample custodians.) 

 
7.23 Determine the initial volume as in 7.3.  Transfer the samples to the CLLE bodies, 

being sure no sample leaks into the round bottom flask. 
 

7.24 Transfer two 1 L portions of a sample to CLLE bodies for preparation of a matrix 
spike/matrix spike duplicate if required.  An MS/MSD is required if requested by the 
client or per 20 samples or every 14 days, whichever occurs first.  (Refer to the 
logbook page, “date QC expires”). Note:  Sufficient sample volume should be 
available without depleting all remaining sample aliquots. 

 
7.25 For each sample, rinse the original sample container with approximately 30 mL of 

methylene chloride being careful not to touch the bottle with the dispenser tip. Add 
this rinse to the CLLE body. 

 
7.26 Adjust method blank and LCS/LCSD pH to <2 with 1:1 HCl. 
 
7.27 Add 1.0 mL of the surrogate spiking solution to each sample including the blank, 

LCS/LCSD and MS/MSD, if performed. 
 
7.29 Add 1.0 mL of matrix spiking solution to the appropriate LCS/LCSD and MS/MSD 

pair, if performed, and stir. 
 
7.30 Rinse each 45/50 condenser joint with methylene chloride.  Attach cooloing water 

Alhin condensers set to a temperature of 15 °C.  Turn on the heating mantles, the 
rheostat of the variable transformers should be set to 55% of the output voltage.  
Allow the samples to extract for 20 + 2 hours.  Turn off the mantles and let samples 
cool. 

 
7.31 Proceed to Section 7.32 for sample extract concentration procedures. 

 
CONCENTRATION OF WATER SAMPLE EXTRACTS 
 
7.32 Rinse the K-D glassware (flask, concentration tube, and Snyder column, including 

the ground glass joints on the flask and columns) three times with methylene 
chloride before assembling.  Add a few boiling chips to the K-D.   Insert 18.5 cm filter 
papers into short stem powder funnels and add ~ 2 inches of sodium sulfate crystals.  
Place the assembled K-D’s under the funnels. 

 
7.33 Transfer the methylene chloride extracts to the K-D concentrator setups through the 

sodium sulfate in the funnels.  This is the drying step, which is required to remove 
residual water from the extracts.  Any large water layers must be removed by other 
means, prior to pouring through the sodium sulfate.  After pouring all of the extract 
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volume through the sodium sulfate, rinse the extract bottle three times with ~ 2 – 3 
mLs of methylene chloride.  Add the rinsings through the sodium sulfate to complete 
a quantitative transfer.  Rinse the sodium sulfate with ~ 15 mLs of methylene 
chloride and allow to drain. 

 
7.34 Transfer the labels from the collection bottles or round bottom flasks (from the CLLE 

extraction) to the K-Ds. Remove the funnel and attach a 3-ball macro Snyder 
column. Pre-wet the Snyder column with 1 mL of methylene chloride. 

 
7.35 Place the K-D in a hot water bath (75-85°C). Gently swirl K-D in the water until 

boiling begins. At the proper distillation rate, the Snyder balls should chatter but the 
chambers should not flood with condensed solvent. The K-D should be kept in a 
vertical orientation while on the bath.  When the apparent volume in the concentrator 
tube reaches ≈ 5-6 mL, remove the K-D from the water bath. Allow the K-D to cool 
for 10 minutes. Rinse the Snyder column lower joint with ≈ 1 mL of methylene 
chloride. Remove the Snyder column. Wipe off any water from the neck above the 
lower joint of the flask. Separate the K-D flask from the concentrator tube, rinsing the 
ground glass joint with ≈ 1 mL methylene chloride.  

7.36 Reduce the methylene chloride extract in the concentrator tube to approximately 1 
mL using the nitrogen blow-down apparatus. The bath temperature must be no 
higher than the boiling point of the solvent (39°C for methylene chloride). Turn the 
gas to 3 psi. Be careful not to splash the extract out of the tube. During concentration 
on the N-evap, the internal wall of the concentrator tube and the N-evap sparging 
pipet must be rinsed down at least once or twice with ≈1 mL of methylene chloride. 
The solvent level in the concentrator tube must be positioned below the level of the 
water bath as much as possible to prevent water from condensing into the sample 
extract. As the extract volume is reduced, lower the N2 sparging needle closer to the 
surface of the extract to expedite the concentration. Note any problems or extract 
losses, if they occur, in the extractions logbook. 

7.37 Reduce each extract to slightly less than 1 mL and then, using a 5 ¾” pasteur pipet, 
transfer the final extract to a properly labeled 1.8 mL vial with PTFE-lined cap.  
Adjust the final volume of each extract to 1 mL using the 1 mL oil-filled reference vial 
for volume comparison.  If the extract is highly colored or a precipitate forms during 
concentration, the final volume should be adjusted and noted in the extractions 
logbook with a comment. 

7.38 Label the vial with lab sample number, extraction date, matrix and analysis. Store 
extract vials at a temperature of 4 ± 2 °C until ready for analysis.  Indicate in the 
extractions logbook the “tray location” of the individual extract vials. 
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8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

A method blank must be extracted for each and every item listed below: 
 
 -  Each sample matrix (soil, water) 
 -  Each day of extraction (24 hours midnight - midnight) 
 -  Each extraction method or level 
 -  Every 20 samples extracted in a 24-hour period 
 
A laboratory control sample (LCS) is required for each and every item listed below: 
 
 - Each sample matrix 
 - Each extraction method or level 
 - Every extraction batch of twenty or fewer samples 
 
8.1 If a solvent blank or extraction blank is above the reporting level all associated 

samples with the “dirty” blank must be carefully evaluated versus the blank 
contamination level. Samples that contain DRO at a level of ten times or more than 
the blank level may be useable. If the sample level is less than ten times the blank 
level the source of the contamination is not as certain for the samples and they 
should be re-extracted after consultation with the client.  

 
8.2 The analyst must make an initial demonstration of the ability to generate acceptable 

accuracy and precision with this method by successful analysis of the following: 
 

8.2.1 Replicate commercial diesel oil spikes in water: Analysis of at least 4 
replicates at a concentration of 100 µg/L (in water) with accuracy of the 
replicates falling between 60% to 140% of the known concentration. The 
precision of all replicates should be within 20%. 

 
8.3 ME-DRO method LCS Requirements: every 20 water samples analyzed, the lab 

must analyze a set of duplicate diesel component spikes in reagent water. The 
Duplicate spikes must be run through the method in the same manner as samples. 
The accuracy of the two water spikes should fall between 60% to 140% of the known 
concentration with a relative % difference of 20% or less. Alternatively duplicate 
samples and spiked samples can be substituted for the laboratory spiked 
duplicates at a frequency of 10%. Care must be taken to ensure that the 
samples are homogeneous before analyzing duplicates and spikes. 

 
Each extractions analyst must demonstrate proficiency in performing the extractions that 
prepare samples for analysis.  Demonstration consists of preparation (extraction), by the 
analyst, of at least four aliquots which are then analyzed according to the analytical method in 
question.  These QC samples must meet all quality control acceptance limits.  Demonstration 
must be documented by use of a form which summarizes the results of the analysis of these 
aliquots, calculated percent recoveries, and standard deviation.  Demonstration of proficiency 
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must be done one time per analyst initially and then annually thereafter. Refer to SOPs QA-
805 and QA-807, current revision. 
 
If, upon analysis of the extracted samples, it is discovered that quality control acceptance 
criteria have not been met, all associated samples must be evaluated against all the QC.  In 
some cases data may be reported, perhaps with narration, while in other cases, other corrective 
action may be taken.  The corrective actions may include re-extraction of the samples 
associated with the quality control sample that did not meet acceptance criteria, or may 
include making new reagents and standards if the standardization is suspect.  These decisions 
are based on holding time considerations, client and project specific Data Quality Objectives 
and on review of chromatograms.  The supervisor, Operations Manager, and/or Quality 
Assurance Officer may be consulted to evaluate data.  Some samples may not be able to be 
reanalyzed within hold time.  In these cases “qualified” data with narration may be advisable 
after consultation with the client. 
 

 Much of the work performed at the lab is analyzed in accordance with specific QC requirements 
spelled out in a project specific Quality Assurance Project Plan (QAPP) or in a program specific 
Quality Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective 
actions may be different than those specified in this SOP.  In these cases the appropriate 
information will be communicated to the Department Manager and/or senior chemists before 
initiation of the analyses so that specific product codes can be produced for the project.  In 
addition, the work order notes for each project will describe the specific QAPP or QSM to be 
followed. 

  
 
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 

 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  

 
The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
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parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 

 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 

 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on determining 
the MDL. 

 
 Detection limit for waters:  The laboratory must be able to achieve a detection limit of 50 

µg/L using a commercial diesel fuel oil mixture spiked into laboratory blank water and 
calculated against the DRO component standard. 
 
Refer to the applicable analytical SOP for other method performance parameters and 
requirements. 

  
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

ASTM "Std Mtds for Comparison of Waterborne Petroleum Oils by GC," 3328-78. 
Wisconsin DNR Modified DRO method, July 1993, Revision 6. 
 
USEPA SW 846, 3rd edition, Methods 8000, 8100, 3500, 3510, 3520 and 3550. 
 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Current Version. 

  
 
LIST OF TABLES AND FIGURES 
 
Table 1 QC Requirements 
Table 2 Summary of Method Modifications 
Figure 1 Example of Extractions Logbook Page 
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TABLE 1 
 

QC REQUIREMENTS 
 

Parameter/ 
Method 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action 

Sample Prep for 
waters and soils 
for DRO or TPH 
determination 
 
 
 

Method blank One per prep batch or 
20 samples whichever 
is more frequent. 

Refer to analytical 
method. 

Refer to analytical method. 

 LCS One per prep batch 
 

Refer to analytical 
method. 

Refer to analytical method. 

 Routinely 
 
Matrix Spike/Matrix 
Spike Duplicate 

One set for every 20 
samples or 14 days 
whichever is more 
frequent, given 
sufficient sample 
volume. 
 

Refer to analytical 
method. 

Refer to analytical method. 

 Per client 
Request 
 
Sample Duplicate/ 
Matrix Spike 

One sample duplicate 
per twenty samples in 
conjunction with a 
matrix spike per 20 
samples or 14 days 
whichever is more 
frequent.  

Refer to analytical 
method. 

Refer to analytical method. 

 Demonstration of 
analyst proficiency; 
accuracy and 
precision 

One time per analyst 
initially, and annually 
thereafter 

Must pass all 
applicable QC for 
method 

Repeat analysis until able to 
perform passing QC; document 
successful performance in 
personal training file 

 MDL, LOD and 
LOQ studies and 
verifications 

Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit 
and Instrument Detection Limit Studies, for procedures on determining the 
MDL, LOD and LOQ.  
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-520-07 METHOD 
Apparatus/Materials 
 
 
 

1. 250 mL amber bottle used for extract 
collection 

2. 1 mL syringe 
3. Short stem funnels 

1. 250 mL Erlenmeyer flasks 
2. 5 mL syringe 
3. Drying columns 

Reagents 
 

  

Sample preservation/ 
handling 

  

Procedures 
 
 
 

1. Extract collection in amber bottle or 
Erlenmeyer flask 

2. Add surrogate/spike to sample in 
CLLE 

3. Extract for 3 minutes on mechanical 
shaker 

4. Extract dried using Na2SO4 in short 
stem funnels 

5. Rinse the extract flask three times 
with ~ 2 – 3 mLs of methylene 
chloride then rinse the sodium sulfate 
with ~ 15 mLs of methylene chloride 
to complete a quantitative transfer 

6. Water bath temp 75-85 deg C 
7. No apparatus height specification for 

concentration on water bath 
8. Sample removed from water bath 

when volume reaches ~6 mL 
9. N bath temp no higher than 39 deg C 

1. Extract collection in Erlenmeyer flask 
2. Add surrogate/spike directly to sample 

bottle 
3. Extract by shaking vigorously for 1 - 2 

minutes with periodic venting  
4. Extract dried using Na2SO4 in drying 

columns 
5. Rinse the Erlenmeyer flask, which 

contained the solvent extract, with 20 - 
30 mL of methylene chloride to 
complete the quantitative transfer 

6. Water bath temp 15-20 deg C above 
solvent boiling temp 

7. Partially immerse concentrator tube in 
water and lower apparatus to complete 
concentration in 10-20 min 

8. Sample removed from water bath when 
volume reaches 1 mL 

9. N bath temp 35 deg C 
QC - Spikes 
 

  

QC - LCS 
 

KAS does not perform. Laboratory spiked duplicates prepared by 
spiking fuel oil into blank water in must be 
run at a minimum frequency of 5%. 
Alternatively duplicate samples and spiked 
samples can be substituted for the 
laboratory spiked duplicates at a frequency 
of 10%. Care must be taken to ensure that 
the samples are homogeneous before 
analyzing duplicates and spikes. 
 

QC - Accuracy/Precision 
 

  

QC – MDL 
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FIGURE 1 
 

EXAMPLE OF EXTRACTION LOGBOOK PAGE  

 
 



ADDENDUM

SOP NO CHANGE FORM



Name of Person Reviewing SOP: 

Review Date: 	 11 ,1 

aQD 

U 

SOP Number: 

KATAHDIN ANALYTICAL SERVICES, INC.  
SOP "REVIEW WITH NO CHANGES" FORM 

SOP Title: 
, Q-cD6L-ra- 0`(\ 	

C)\A 36-\L 0S 	0,P 

THE ABOVE REFERENCED SOP HAS BEEN REVIEWED BY A QUALIFIED AND TRAINED 
ANALYST OR SUPERVISOR. NO CHANGES ARE REQUIRED TO THE SOP AT THIS TIME. 

Department Supervisor Signa re: Date: 

QAO Signature: 	 Date: 

nr4  OFe-,Qtr)  

QA-034 — Revision 1 — 01/14/2010 



Prepared By: 

Approved By: 

Group Supervisor: 

Operations Manager: 

QA Officer: 

General Manager: 

	Date: 	d' 0 I 

	Date: 	s-i.\1,c) 1 

KATAHDIN ANALYTICAL SERVICES, INC. 	 SOP Number: CA-333 
STANDARD OPERATING PROCEDURE 

	
Revision History 
Cover Page 
Page 1 

TITLE: DETERMINATION OF PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION METHOD # FL-PRO 

Revision History: 

SOP 
Revision Changes 

Approval 
Initials 

Approval 
Date 

Effective 
Date 

	

A dc2c->c 	d e (t -,,, t: (-1:C_Y-5 a GA-a L' A 01rjel-Ct.. N_4:_TIA- _i Lic rt e,(,:_,-  i  
etc-„A„ 	,,  -:: ,. , 	• 	,1,, 	1-, l7  ..S: pu rl 	Ac'i,i' ec.1)  tcy-  cOsri. 	'',.c 	4-,ic'ikt 

4.  0, 	.:-Ai .K c-IVI.,.,f; 	I," C,- ■ \-C( 7 ,Gt ,s-d. 	1V-4.:41--(2,- 

	

Acf Ps ec.k 	,...c, 	.,. ,: 	10  s,c(--,.0.-A LS 	c,.? a_ ,..-ck 	ci _f-,  c)---  r e&21A- 
. & 	t't t..,..,, 	.1.,,t c- ,, 	,._ 

	

1 1,117=2..L.,_:r 	,.-i.,\C  ,,,,,,,,,,,,,e- , 	I 	a  ,,,-{ 	7_ 	3-  - 

- 
I,Lt.  1,2. 	c 

''--- 	- 
I 1 , t15, C4 1 	, 	, 	. 	, 	1-  

o;I., 

C. ,-c,1-1zj 	1-01,\S 40 	i( f in'IS 
&,eii 00, Sole 	, s , ,,,,:iecl 	-;- 	v'e---,'- jor 
cvck,cs,,c9. (±e.,--cU (-' 	it..‘• 	mac{ - -7.---? - ? 	to 	c\ ck-c- 	b,_ \ 	(..,(A,-) 03 (©C, 03 to c, 

03 

retxn, c klaaust 5 wade -1-kreuvis-mdc . ■ ,Nc-t-A-■ot-11 	klvd- et4,1- 
LI cyli QA -it:. , t-) kSie_ nuLtuts2,0-nws.A, CV brcb,vertci, sei 4 	, 
C.rneuAi-S , ,540-4iSi.iccdij der%./td 4:1( Urhi+5 Ov"-..a nvi-4-11/4.00  

tno,,N 4 c,..ii onS. P444,4. 	re.,14,Lx- 413 414_ ca.A.5..... (so(' t ka.ry. 
CA-  r) 04 I al 0 qj ca 

4,-,...-GItlwis44.-i-i-e Sot,  i rl 	Q 	-P or a. le-c4 ke_d Us.V-4.1C tkanse.) 

0  Li  
4f,r)c) \-; -d 	A 	''' 	c 	''', c---,-c--( 	12-Qc-, -),;:_,:LS S `4--1'.■c,A- c,,v-.& 

(10A- 	k--..,c,,%-e_6( 	• 	 U4 0 
L_) ..) acje 	,..J ( r Ocy,j-e_ 	'1 '14--o.' 	:-- ,-,,,,,_...i-, 0  r-, Cfi 	<-3 ‘5' 0 Gi 	0 Cp)  

0s- 
Se_c4 . 8 .1-1 	ek-A,-4 To.3.0-4_ 	- CI-QAnksetj 	S-kc,4--i S+ ■ Cc-g 
() (\Ai( A._s 	\-,., 	ii\A_Q.4-CA_cia 	Le n."-■ 1-S N 	A otakc,( 0  Lq- 
tre15,z_A.z.4.._c e 3 ., 	lie •t_a-4-e_d "C)c,1,.._ R c_ v ,' e.-:-,  6.__(-2_, VC s t 

0 °11(0 ogIro 



KATAHDIN ANALYTICAL SERVICES, INC. 	 SOP Number: CA-333 

STANDARD OPERATING PROCEDURE 
	

Revision History 
Cover Page (cont.) 
Page 2 

TITLE: DETERMINATION OF PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION METHOD # FL-PRO 

Revision History (cont.): 

SOP 
Revision es Changes 

Approval 
Initials 

Approval 
Date 

Effective 
Date 

06 8.6 - Changed CAR to nonconformance report. 	Section 9 - Added 
MDL/LOD/LOQ information. 	Updated 	Runlog 	and 	Review Checklist 
examples. 

LAD D\ 	I. o 	' 1:-).  

(DI 
csj-- i c1 - c_G,„,,, 	r-,--por ; 	- 	Cro, DL., c ic - 

' 

._c EC:  s-1-- _ 	it--.“Aw-- 	',e_,.L.‘ A-S, 

LAO 0.113 6013 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-333-07 
STANDARD OPERATING PROCEDURE Date Issued:  05/13 
 Page 3 of 24 
  
 
TITLE: DETERMINATION OF PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA 

DEPARTMENT OF ENVIRONMENTAL PROTECTION METHOD # FL-PRO 
  
 
 
 
 
Please acknowledge receipt of this standard operating procedure by signing and dating both of the 
spaces provided. Return the bottom half of this sheet to the QA Department. 
 
  
 
 
I acknowledge receipt of copy       of document SOP CA-333-07, titled DETERMINATION OF 
PETROLEUM RANGE ORGANICS (PRO) BY DEPARTMENT OF ENVIRONMENTAL 
PROTECTION METHOD # FL-PRO 
 
 
 
Recipient:  Date:  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
KATAHDIN ANALYTICAL SERVICES, INC. 
STANDARD OPERATING PROCEDURE 
 
 
 
I acknowledge receipt of copy       of document SOP CA-333-07, titled DETERMINATION OF 
PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA DEPARTMENT OF ENVIRONMENTAL 
PROTECTION METHOD # FL-PRO 
 
 
Recipient:  Date:  
 
 
 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-333-07 
STANDARD OPERATING PROCEDURE Date Issued:  05/13 
 Page 4 of 24 
  
 
TITLE: DETERMINATION OF PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA 

DEPARTMENT OF ENVIRONMENTAL PROTECTION METHOD # FL-PRO 
  
 
1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the method used by Katahdin Analytical Services 
technical personnel to measure the concentration of petroleum range organics (PRO) in 
water and soil. These compounds correspond to a hydrocarbon range of C8-C40. 
 
This method is based on a solvent extraction, Gas Chromatography (GC) procedure. The 
method is designed to measure the petroleum concentration in environmental samples in 
the above stated C-Range (nominally diesel through motor oils).  It cannot be used as an 
indication of gasoline contamination.  Additional analyses may be performed including, but 
not limited to, analysis of additional reference materials. These additional efforts are not 
contained within this method. 

 
1.1 Definitions 
 
 PETROLEUM HYDROCARBONS: All chromatographic peaks, both resolved and 

unresolved, eluting between the peak start of n-octane (n-C8) and the peak end after 
n-tetracontane (n-C40).  Quantitation is based on direct comparison of the area 
within this range to the total area of the Petroleum Hydrocarbon standard as 
determined from FID response using baseline-baseline integration.  

 
 PETROLEUM HYDROCARBON STANDARD: A 17-component mix of all even 

numbered normal alkanes from C8 to C40.  This standard serves as a quantitation 
standard and a retention time window defining Petroleum Hydrocarbons.  

 
 SAMPLE MATRIX SPIKE:  A selected sample from the analytical batch spiked with 

the Petroleum Hydrocarbon Standard and surrogate standards.  The calculated 
spike recovery shall be used as a control. 

 
 LABORATORY CONTROL SAMPLE:  Laboratory reagent grade water or standard 

soil spiked with the Petroleum Hydrocarbon standard and surrogate standards.  The 
calculated spike recovery may be used as a laboratory control. 

 
 METHOD DETECTION LIMIT (MDL): Minimum concentration that an analyte can be 

measured and reported with a 99% confidence that the analyte concentration is 
greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte. The MDL is determined using EPA Appendix B to Part 136, 
CFR 40 Ch. 1(7-1-94) using the Student t Test. 

 
 KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS): A complete multi-

user system with the capabilities of integrating laboratory instrumentation, 
generating laboratory worksheets, providing complete Lab Order status and 
generating reports. LIMS utilizes these features through a database. 
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 PE NELSON TURBOCHROM: A data acquisition system that is used to collect 
chromatographic data. The system can also be used to archive raw data files. 

 
 TARGET:  A software system that combines full processing, reporting and 

comprehensive review capabilities, regardless of chromatographic vendor and data 
type. 

 
 TARGET DB: An oracle database used to store and organize all Target data files. 
  
1.2 Responsibilities 
 
 This method is restricted to use by, or under the supervision of analysts experienced in 

the analysis of PRO by Method FL-PRO. Analysts should be skilled in the interpretation 
of gas chromatograms and their use as a quantitative tool. Each analyst must 
demonstrate and document their ability to generate acceptable results with this method. 
Refer to Katahdin SOP QA-805, current revision, “Personnel Training & Documentation 
of Capability”. 

 
 It is the responsibility of all Katahdin technical personnel involved in analysis of PRO 

by Method FL-PRO to read and understand this SOP, to adhere to the procedures 
outlined, and to properly document their data in the appropriate lab notebook. Any 
deviations from the test or irregularities with the samples should also be recorded in the 
lab notebook and reported to the Department Manager or designated qualified data 
reviewer responsible for this data. 

 
 It is the responsibility of the Department Manager to oversee that members of their 

group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 
 
 Users of this procedure must be cognizant of inherent laboratory hazards, proper 

disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs (material safety data sheets) for all the materials used 
in this procedure. 

 
 Each qualified analyst or technician must be familiar with Katahdin Analytical 

Environmental Health and Safety Manual, including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-333-07 
STANDARD OPERATING PROCEDURE Date Issued:  05/13 
 Page 6 of 24 
  
 
TITLE: DETERMINATION OF PETROLEUM RANGE ORGANICS (PRO) BY FLORIDA 

DEPARTMENT OF ENVIRONMENTAL PROTECTION METHOD # FL-PRO 
  
 

lab coats when working with chemicals or near an instrument and not taking food or 
drink into the laboratory. Each analyst should know the location of all safety 
equipment. Each analyst shall receive a safety orientation from their Department 
Manager, or designee, appropriate for the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 
 Whenever possible, laboratory personnel should use pollution prevention 

techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Plan for further details on pollution 
prevention techniques. 

 
 Wastes generated during the preparation of samples must be disposed of in 

accordance with the Katahdin Hazardous Waste Management Plan and Safety 
Manual and SOP SD-903, “Sample Disposal,” current revision. Expired standards 
are lab packed, placed in the Katahdin hazardous waste storage area, and disposed 
of in accordance with this SOP. 

 
 Any methylene chloride solvent waste generated during the preparation of 

standards etc. should be disposed of in the “D” waste stream satellite accumulation 
area nearest the point of generation.  Acetone and hexane are considered 
flammable waste, and should be disposed of in the “O” waste stream satellite 
accumulation area nearest the point of generation.  FLPRO sample vials are 
considered “P” waste and should be disposed of in the corresponding satellite waste 
accumulation area nearest the point of generation.  Please refer to the current 
revision of SOP CA-107 for the location of satellite waste accumulation areas. 

   
 
2.0 SUMMARY OF METHOD 
 

2.1 One liter of water or a specified quantity of soil (extraction method dependent) is 
spiked with two surrogates and extracted with Methylene chloride.  The water is 
removed from the extract, concentrated to a volume of 2.0 mL, and treated with 
silica gel to remove potential organic interferences.  An aliquot is injected onto a 
capillary column gas chromatograph (GC) equipped with a flame ionization detector 
(FID).  Quanitation is based on the detector response compared to a series of 
normal alkane standards. This method is suitable for the analysis of waters, soils or 
wastes. 

 
2.2 This method is based in part on USEPA Methods 8000 and 8100, SW-846, “Test 

Methods for Evaluating Solid Waste”, 3rd Edition, Method OA-2, work by the EPA 
UST Work Group “Measurement of Petroleum Hydrocarbons: Report on activities to 
Develop a Manual”, 1990, Method AK103.0, Revision 2, PUBL-SW-141, July 1993 
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and the Florida Department of Environmental Protection Technical Advisory 
Committee for 62-770, F. A. C, Petroleum Contamination Site Cleanup Criteria.  

   
 
3.0 INTERFERENCES 

 
3.1 Other organic compounds including chlorinated hydrocarbons, phenols, and 

phthalate esters are measurable. As defined in the method, the PRO results include 
these compounds. Spills of known specific constituents should be analyzed and 
quantified by a method specific for those compounds.  

 
3.2 Method interferences are reduced by washing all glassware with hot soapy water 

and then rinsing it sequentially with tap water, methanol or acetone, and Methylene 
chloride. Method blanks must be analyzed with each batch to demonstrate that the 
samples are free from method interferences. 

 
3.3 High purity reagents (pesticide grade or better) must be used to minimize 

interferences. 
 
3.4 Contamination by carryover can occur whenever high-level and low-level samples 

are sequentially analyzed. Whenever an unusually concentrated sample is 
encountered, it should be followed by analysis of a solvent blank to check for cross-
contamination. 

 
3.5 Animal and vegetable oil and grease and biogenic terpenes are also measurable if 

the sample is not cleaned up before analysis.  In order to eliminate false positives 
from these sources, the silica cleanup is a mandatory part of the procedure. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Gas Chromatograph: Analytical system complete with gas chromatograph and all 
required accessories, including a detector, column supplies, recorder, gases, and 
syringes. A capillary split/splitless injector operating in the splitless mode is 
recommended. A data system capable of determining peak areas by integrating 
from baseline to baseline is required. 

 
4.2 Column 1: 30 m x 0.53 mm ID ZB-5, 1.5 micron film thickness (or equivalent).  

Column 2: 30 m x 0.53 mm ID ZB-1, 1.5 micron film thickness (or equivalent).  The 
column must be capable of resolving typical diesel components, and the solvent 
front from C8. Other columns may be used if all column performance criteria are 
met.   

 
4.3 Detector: Flame ionization detector (FID).   
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4.4 Microsyringes: 1 ul, 5 ul, 10 ul, 25 ul, and 100 ul.   
 

4.5 Disposable pipettes: Pasteur.   
 

4.6 2 ml (and larger) vials with Teflon lined caps for storage of extracts. 
   
 
5.0 REAGENTS 
 

5.1 Solvents: Methylene chloride: Pesticide grade or equivalent.  Store away from other 
solvents. 

 
5.2 Stock Standards: Aliphatic Hydrocarbon standard mix from a vendor like 

UltraScientific at a concentration of 500 ug/mL in hexane (each of the 17 
components from C8 to C40).  A surrogate solution containing n-Triacontane-d62 at a 
concentration of 5000 ug/mL and another surrogate solution containing o-Terphenyl 
at a concentration of 2000 ug/mL from a vendor like Restek. 

 
5.3 Calibration Standards: The standards are prepared at the following five different 

concentrations: 200 ug/ml, 100 ug/ml, 50 ug/ml, 20 ug/ml, and 5 ug/ml (per each 
component).  This is equivalent to 85, 340, 850, 1700, and 3400 ug/ml total alkanes 
in the standards.  The concentration of OTP and triacontane-d62 must remain at a 
constant 50 and 300 ug/ml level in all concentration levels. 

 
5.3.1 Transfer the stock standard solution into a Teflon-sealed screw-cap/crimp 

cap bottle. Store, with minimal headspace, at 6°C or less and protect from 
light. 

 
5.3.2 Working standards must be replaced after 6 months, or sooner if comparison 

with check standards indicates a problem. 
   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

6.1 Whenever possible, samples should be grab samples which are collected directly 
into the sample container.  Sample collection equipment such as bailer or 
intermediate containers should be avoided (exceptions:  collection from monitoring 
wells or grab samples in surface water at depth).  Unless required by permit, 
automatic samplers may not be used.  Pumps such as bladder pumps or peristaltic 
pumps shall not be used. 

 
6.2 All sampling equipment which contacts the sample shall be constructed of teflon®, 

stainless steel or glass.  Under no circumstances can flexible PVC tubing, such as 
tygon®, be used in the purging or sample collection process. 
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6.3 Water samples shall be collected in a one liter glass container; soils in a glass jar.  
All containers shall be sealed with a screw cap with teflon® liner.  Water samples 
shall be acidified to a pH of less than 2 with hydrochloric or sulfuric acid (reagent 
grade or better). 

 
6.4 The samples shall be stored at 4°C (±2°C) from the time of collection until 

extraction.  Extraction shall be performed on waters within seven days of sample 
collection and on soils within 14 days of sample collection.  All analyses must take 
place within 40 days of extraction. 

   
 
7.0 PROCEDURES 
 

7.1 Waters are extracted using a separatory funnel or continuous liquid liquid extraction 
technique. Soils are extracted using a sonication technique. Alternatively, soils may 
be extracted by a Soxhlet extraction technique. Refer to Katahdin SOP CA-520, 
current revision, for sample preparation procedures. After the extracts are 
concentrated, an appropriate volume (usually 1ul) is injected directly into the GC. 
(Recommend using splitless injection techniques). 

 
NOTE: NaCl may be added to water samples to improve extraction efficiency.   
 
If the sample concentration exceeds the calibration range for PRO an appropriate 
dilution should be used. An appropriate dilution is one that keeps the response of 
major constituents (previously saturated peaks) in the linear range of the detector. If 
an initial dilution does not accomplish this then an intermediate dilution should be 
performed. 

 
7.2 Gas Chromatography: 

 
7.2.1 Conditions (For both column 1 and 2): Set column temperature to 60°C for 2 

minutes, then 10°C/min. to 300°C and hold for 24 min. Set FID Detector to 
310°C and injector to 300°C. Conditions may be altered to improve 
resolution or recovery of petroleum range organics. 

 
7.2.2 Performance Criteria:  GC run conditions and columns must be chosen to 

meet the following criteria: 
 

7.2.2.1 Resolution of C8 from the solvent front. 
 
7.2.2.2 The column must be capable of separating typical petroleum 

hydrocarbon components from the surrogates. 
 

7.3 Retention Time Window  
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7.3.1 Before establishing windows, be certain that the GC system is within 
optimum operating conditions.  Make three injections of the method standard 
throughout the course of a 72 hour period.  Serial injections over less than a 
72 hour period result in retention time windows that are too tight.   

 
7.3.2 Calculate the standard deviation of the absolute retention times for the two 

surrogates, C8, and C40. 
 

7.3.2.1 The retention time window for individual peaks is defined as a plus or 
minus three times the standard deviation of the absolute retention 
time for each component. 

 
7.3.2.2 In those cases where the standard deviation for a particular analyte is 

zero, the laboratory should use ±0.05 min as a retention time 
window. 

 
7.3.3 The laboratory must calculate retention time windows for these standards on 

each GC column and whenever a new GC column is installed.  The data are 
retained by the laboratory. 

 
7.4 PRO Calibration 

 
7.4.1 Initial Calibration – Calibration shall be by external calibration using a 

minimum of 5 concentration levels for the initial calibration.  Quantitation 
shall be by linear regression. 
 
In all cases, response of the standards must be determined by continuous 
integration of all responses (excluding surrogates) from a forced baseline 
beginning at a point prior to the elution of C8 to a point past C40.  All 
responses must be determined as responses to baseline and not valley to 
valley. A method is calibrated for all five levels using the area of each of the 
17 individual alkanes and the area of the two surrogates and a total area of 
the Petroleum Hydrocarbon Standard (PRO) (which is the total area of the 
seventeen alkanes for each level).   
 
7.4.1.1 Linear Regression – The linear regression shall be calculated using 

the total PRO area versus the PRO concentration.  The correlation 
coefficient shall be equal to or greater than 0.995. 

 
7.4.1.2 The accuracy of the initial calibration shall be verified by injecting a 

midpoint concentration of a standard mix that has been obtained from 
a different source.  The calculated value shall be within ± 20% of the 
expected value. 
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7.4.2 Continuing Calibration – The calibration curve must be verified on each 
working day by the injection of a continuing calibration standard (CV) at a 
midpoint concentration.  This standard must be evaluated prior to the 
analysis of samples.   
 
In addition, a continuing calibration must be run every 10 samples and at the 
end of the sequence.  The concentration of these should vary, with at least 
one at a level of 1-2 times the calculated PQL as a verification of sensitivity.  
To accomplish this, continuing calibrations at 50 ug/ml and 20 ug/ml (each 
component) should be ran. 
 
7.4.2.1 If the concentration of this standard varies from the predicted 

concentration by more than ± 25%, a new initial calibration curve 
must be prepared and verified before samples are analyzed. 

 
7.4.2.2 Retention Time Window – Establish daily retention time windows for 

each analyte of interest using the absolute retention time for each 
analyte as the midpoint of the window for that day if after analyzing 
the midpoint it is determined that one or more analytes falls outside 
of the previously established absolute retention time window. The 
daily retention time window equals the midpoint ± three times the 
standard deviation determined in Section 7.3. 

 
7.5 Gas Chromatography Analysis 

 
7.5.1 A 1 ul injection volume is analyzed by GC/FID. 
 
7.5.2 If an initial calibration has already been performed, verify the calibration by 

analysis and evaluation of a mid-point CV on each working day. 
 

In addition, a CV must be run every 10 samples and at the end of the 
sequence.   

  
7.5.3 Evaluate the CV per 7.4.2.1 and 7.4.2.2.  If either performance criteria fails, 

the instrument must be recalibrated and all samples which were injected 
after the failed standard must be reanalyzed. 

 
7.5.4 A Methylene chloride blank will be run in every sequence to determine the 

area generated on normal baseline bleed under the conditions prevailing in 
the 24 hour period if requested by the client.  This area is determined by 
continuous integration of all responses under the same conditions (i.e. 
forced baseline and predetermined time interval) as the samples.  This blank 
is calculated as the solvent blank and the value should be less than the 
PQL.  
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Methylene chloride blanks should also be run after samples suspected of 
being highly concentrated to prevent carryover.  If the blank analysis shows 
contamination, additional blanks should be analyzed until the system is 
shown to be free from contaminants. 

 
7.5.5 If the sample concentration exceeds the linear range of the method in the 

final extract, the extract must be diluted and reanalyzed. 
 
7.5.6 Baseline correction is allowed to correct for rises due to temperature 

programming.  Range integration is corrected by the automatic subtraction of 
the baseline established by activation of a programmed run without the 
injection of any material.  Instrument baseline must be established for every 
batch of samples. 

 
7.6 Calculations 

 
7.6.1 The integrated area for all peaks eluting from n-octane through n-

tetracontane shall be determined using a baseline drawn from the baseline 
point to n-octane to a point past n-tetracontane where the baseline returns to 
normal.  All area including the “hump-a-gram” and surrogate standards shall 
be included.  Do not integrate valley to valley for individual peaks except for 
the two surrogates. The concentration of the PRO is calculated by using the 
calibrated curve that is prepared in Target.  Target displays a concentration 
when the file is processed through the appropriate calibrated method.  

 
7.6.2 The concentrations from the reports are then incorporated with the extraction 

data to arrive at a final concentration. 
 

        7.6.2.1 Water: Conc (ug/L) = (Amt) (DF) ((Vt/Vo) 1000) 
 

        7.6.2.2 Soil/Sediment: Conc (mg/kg) = (Amt) (DF) ((Vt/Vo) (100/(100-M))) 
 
where, Amt  =  adjusted concentration calculated by Target in ug/ml 

Vt  =  Volume of total extract 
Vo = Volume or weight of sample extracted 
M   =  % Moisture 
DF = Dilution Factor 

 
7.7 Data Review 

 
  7.7.1 Initial Data Review 
 

The initial data review is accomplished by the analyst who ran the samples. 
This review is of sufficient quality and detail to provide a list of samples that 
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need to be reanalyzed or diluted and reanalyzed.  The initial data review is 
performed in Target Review.  This data review examines criteria that directly 
impact whether or not the sample needs to be reanalyzed and/or extracted.  
These criteria include: 
 

♦ QC criteria for method blank, LCS, MS/MSD, and calibration – refer to 
section 8.0. 

♦ Surrogate recovery 
♦ Chromatography: manual integration. 
♦ Target compound detection: quantitation, false positives. 

 
The requirement of the GC laboratory is that this initial data review be 
completed no later than the end of the next work day.  After the analyst has 
completed his or her initial data review, the information is then ready to be 
processed for reporting.  Refer to section 7.8. 

   
  7.7.2 Surrogate recovery 
   

 The recoveries for o-Terphenyl are compared to the method acceptance limits.  
The recoveries for n-Triacontane-d62 are compared to nominal acceptance 
limits of 70-130% until laboratory acceptance limits can be established.   

 
 The sample is evaluated for recoveries of the surrogate OTP and n-

Triacontane-d62. If the recovery is low and there is no apparent matrix effect, 
the sample should be reanalyzed.  If the reanalysis is still low, re-extract.  If 
the recovery is low and there may be a matrix effect, reanalyze to confirm a 
matrix effect and narrate.  If the surrogate is high and the sample results are 
less than the PQL, or there is likely a matrix effect, narrate.   

 
7.7.3 Chromatography 

 
The chromatography should be examined for the presence of any non-target 
peaks, which can be used as an indication of whether or not matrix 
interference might be influencing surrogate recoveries.  
 
Manual integrations are to be performed when chromatographic conditions 
preclude the computer algorithm from correctly integrating the peak of 
concern.  In no instance shall a manual integration be performed solely to 
bring a peak within criteria. 

 
In Target Review, each peak of concern is examined by the primary analyst 
to ensure that the peak was integrated properly by the computer algorithm.  
Should a manual integration be necessary (for instance, if the sample 
contains a concentration of PRO which was integrated “valley to valley” 
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instead of a “baseline to baseline”), manual integration is performed in 
Target Review.  A “m” qualifier will automatically be printed on the 
quantitation report summary indicating that a manual integration was 
performed.  For specific procedures on how to manually integrate, refer to 
Katahdin SOP QA-812, Manual Integration, current revision. 
 

7.8  Reporting 
 

After the chromatograms have been reviewed and any target analytes have been 
quantitated using Target, the necessary files are brought into KIMS.  Depending on 
the QC level requested by the client, a Report of Analysis (ROA) and additional 
reports, such as LCS forms and chronology forms, are generated.  The package is 
assembled to include the necessary forms and raw data.  The data package is 
reviewed by the primary analyst and then forwarded to the secondary reviewer.  The 
secondary reviewer validates the data and checks the package for any errors.  
When completed, the package is sent to the Department Manager for final review.  
A completed review checklist (Figure 2) is provided with each package.  The final 
data package from the Organics department is then processed by the Data 
Management department. 

   
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

See below or refer to Table 1 for a summary of QC requirements, acceptance criteria, and 
corrective actions. These criteria are intended to be guidelines for analysts.  The table does 
not cover all possible situations.  If any of the QC requirements are outside the recovery 
ranges listed in Table 1, all associated samples must be evaluated against all the QC.  In some 
cases data may be reported, but may be reanalyzed in other cases.  Making new reagents and 
standards may be necessary if the standardization is suspect. The corrective actions listed in 
Table 1 may rely on analyst experience to make sound scientific judgments.  These 
decisions are based on holding time considerations, client and project specific Data Quality 
Objectives and on review of chromatograms.  The Department Manager, Operations 
Manager, and/or Quality Assurance Officer may be consulted to evaluate data.  It may not be 
possible to reanalyze samples within hold time.  In these cases “qualified” data with narration 
may be advisable after consultation with the client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
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the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed. 
 
8.1 For each analytical batch (up to 20 samples), a method blank, laboratory control 

sample (LCS), matrix spike and matrix spike duplicate or sample duplicate are 
analyzed. They are carried through all stages of the sample preparation and analysis 
steps. 

 
8.2 The laboratory shall generate control limits based on +/-3 standard deviations from the 

average recovery for all spikes and surrogates, and + 3 standard deviations from the 
average precision value for all duplicates.  The limits that area generated must be 
within the criteria specified in Table 3 below. 

 
8.3 Spike concentrations: The LCS and the MS/MSD are spiked with the seventeen 

component PRO mix at the same concentration. The spike concentrations are: 
 

 WATER ug/L SOILS mg/Kg
PRO 850 28.5 

 
  The surrogate spike concentrations in the final extract are: 
 

 WATER 
ug/ml 

SOILS
mg/kg 

o-Terphenyl 50 1.65 
n-Triacontane-d62 300 10 

 
8.4 LCS and MS/MSD acceptance criteria and Corrective Action: All QC samples are 

calculated for percent recovery of the spiked analyte(s). The recoveries are compared 
to the method acceptance limits.  Refer to Table 3 for these limits. 
If any spike compound in the laboratory control sample falls outside of the established 
recovery acceptance limit window, the QC sample is considered to be out of control 
and any sample that is associated should be reextracted. However, if the recovery is 
high and the associated samples do not contain the specific compound(s), the data 
can possibly be accepted with narration. 

 
If a spike compound is outside of the acceptance limits in the matrix spike sample but 
is acceptable in the LCS, the data is considered acceptable. The cause of the failure 
is possibly attributable to matrix interference. However, if the compound fails in both 
the LCS and the MS/MSD, the result for that analyte is suspect and may not be 
reported for regulatory compliance purposes. 
 

8.5 Surrogate acceptance criteria and Corrective Action: Surrogate recoveries are 
calculated on all samples, blanks and spikes. The recoveries for o-Terphenyl are 
compared to the method acceptance limits.  The recoveries for n-Triacontane-d62 are 
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compared to nominal acceptance limits of 70-130% until laboratory acceptance limits 
can be established.   

 
When a sample has a surrogate that falls outside of the method acceptance limit 
window, the problem should be investigated. If the recovery looks like it is affected by 
the sample matrix, the sample may be reinjected to confirm matrix interference. When 
a sample has no detectable surrogate recovery, the sample should be reextracted 
 

8.6 Non-conformance Report: Whenever data is not acceptable because of a failing LCS 
or surrogate recovery, a non-conformance report (NCR) must be initiated as soon as 
possible. 

   
 

9.0 METHOD PERFORMANCE 
 

9.1 The MDL of this method is estimated to be at least 4 mg/kg for soil and 0.1 mg/L for 
water.  Each laboratory shall establish a laboratory specific MDL for all matrices 
prior to analyzing any samples.  

 
9.2 The method detection limit (MDL) is defined as the minimum concentration of a 

substance that can be measured and reported with 99% confidence that the value is 
above zero. The MDLs shall be determined and verified one time per type of 
instrument unless otherwise required by the method. 

 
9.3 Limits of Detection (LOD) is an estimate of the minimum amount of a substance that 

an analytical process can reliably detect. An LOD is analyte and matrix specific and 
may be laboratory-dependent. LODs must be determined for all parameters for which 
the laboratory is accredited under the DoD Environmental Laboratory Accreditation 
Program.  LOD’s must be verified for every preparation and analytical method 
combination and on every applicable instrument on a quarterly basis.  

 
9.4 The Limit of Quantitation (LOQ) is the minimum levels, concentrations, or quantities 

of a target variable (e.g., target analyte) that can be reported with a specified degree 
of confidence.  The LOQ shall be set at the lowest point in the calibration curve for all 
analyses utilizing an initial calibration.  LOQ’s must be verified quarterly for every 
preparation and analytical method combination and on every applicable instrument on 
a quarterly basis for all parameters included in the DoD Scope of Accreditation.  The 
LOQ must be verified at least once annually if the anaysis is not included in the DoD 
Scope of Accreditation. 

 
9.5 MDLs are filed with the Organic Department Manager and then with the QAO.  LOD 

and LOQ verifications are filed with the QAO 
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9.6 Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, 
Instrument Detection Limit and Reporting Limit Studies and Verifications, for 
procedures on determining the MDL. 

 
9.7 Refer to the current revision of the Florida Department of Environmental Protection 

Method for Determination of Petroleum Range Organics (Method # FL-PRO) for 
other method performance parameters and requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

Florida Department of Environmental Protection, Method for Determination of Petroleum 
Range Organics, Method # FL-PRO, Revision 1, November, 1995. 
 
ASTM "Standards Methods for Comparison of Waterborne Petroleum Oils by Gas 
Chromatography," 3328-78. 
 
Wisconsin DNR Modified DRO method, July 1993, Revision 6. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Current version. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
June 2003. 
 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010. 
 

Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision. 
 
Katahdin SOP QA-803, Laboratory QA: Self Inspection System, current revision. 

Katahdin SOP QA-806, Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications, current revision. 
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TABLE 1 
 

QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action 

Method blank One per prep batch No analyte 
detected >PQL 

(1) Investigate source of contamination 
(2) Evaluate the samples and associated QC: i.e. If 
the blank results are above the PQL, report sample 
results which are < PQL or > 10X the blank 
concentration.  Otherwise, reprep a blank and the 
remaining samples. 

LCS One per prep batch 
 

Method 
acceptance limits 
 

(1) Evaluate the samples and associated QC: i.e. If 
an MS/MSD was performed and acceptable, narrate.  
If an LCS/LCSD was performed and only one of the 
set was unacceptable, narrate.  If the surrogate 
recoveries in the LCS are low but are acceptable in 
the blank and samples, narrate.  If the LCS recovery 
is high but the sample results are < PQL, narrate.  
Otherwise, reprep a blank and the remaining 
samples. 

Initial Calibration Initial cal prior to 
sample analysis 

Correlation 
coefficient => 
0.995 

(1) Perform instrument maintenance as needed. 
(2) Reanalyze and or reprep calibration standards. 

CV( At or near the 
midpoint of the 
ICAL) 

On each working 
day prior to sample 
analysis if an ICAL 
was previously 
analyzed 
 

± 25 %D (1) Evaluate the samples: If the %D>+25% and 
sample results are <PQL, narrate. If %D>±25% and 
is likely a result of matrix interference, narrate. All 
samples must be reanalyzed that fall within the 
standard that exceeded criteria and the last standard 
that was acceptable. 

End of sequence 
CV 

At the end of each 
12-hour work shift 
or after running 10 
samples, whichever 
is sooner 

± 25 %D (1) Evaluate sample data if criteria exceeded due to 
matrix; narrate, and perform maintenance for new 
samples. 
(2) If criteria are exceeded and this is not due to 
matrix, Reanalyze. 

Matrix 
Spike/Matrix Spike 
Duplicate 

One for every set of 
20 samples 
provided samples 
aliquots are not 
depleted 
 

Laboratory 
established 
acceptance limits 
RPD< 20 % for 
waters and < 25 
% for solids 
 

(1) Evaluate the samples and associated QC: i.e. If 
the LCS results are acceptable, narrate. (2) If both 
the LCS and MS/MSD are unacceptable, reprep the 
samples and QC. 

Sample Duplicate 
( If required in lieu 
of MSD) 

One sample 
duplicate per 
twenty samples 

RPD <20 for 
waters, RPD <25 
for solids 

(1) Evaluate data for matrix interference 
homogeneity of sample. 
 

Demonstration of 
analyst 
proficiency; 
accuracy and 
precision 

One time per 
analyst initially and 
annually thereafter 

Must pass all 
applicable QC for 
method 

Repeat analysis until able to perform passing QC; 
document successful performance in personal 
training file 
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TABLE 1 (cont.) 
 

QC REQUIREMENTS 
 
QC Check Minimum 

Frequency 
Acceptance 
Criteria 

Corrective Action 

Demonstration of 
analyst 
proficiency; 
accuracy and 
precision 

One time per 
analyst initially and 
annually thereafter 

Must pass all 
applicable QC for 
method 

Repeat analysis until able to perform passing QC; 
document successful performance in personal 
training file 

MDL study/ LOD, 
LOQ Verifications 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications”, current revision. 
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS 
 
TOPIC KATAHDIN SOP CA-333-07 FL-PRO, current revision 
Apparatus/Materials 
 

  

Reagents 5.3 Sodium sulfate purified by vendor 
 
 
5.5 PRO free sand ( Muffled ) 

7.3 Sodium sulfate purified by heating at 400 deg C 
for 4 hours or extracting x3 with methylene chloride 
and drying at 105 deg C. 
3.4 Ottawa sand 

Sample preservation/ 
handling 

  

QC – Method Blank 
 

Table 1 No analyte detected >PQL 10.4 …TRPH value of the blank shall be at or below 
the established method detection limit. 

QC - Surrogates 
 

Use n-Triacontane-d62. Use nominal limits of 70-130 
until laboratory limits can be established. 

7.4.1 Recommend C39.  Use method acceptance 
limits. 

QC - Spikes 
 

8.2 …PRO concentration of 850 ug/L for waters 
and 28.5 mg/kg for soils. 
 

7.4.4 Total PHS concentration in the spiked sample 
of 5 mg/L in water or 300 mg/kg in soils. …The 
concentration of the spike in the sample should be 
approximately 3-5 times the level expected in the 
sample…level of the spike should be adjusted… 

QC - 
Accuracy/Precision 

  

QC – LCS 
 

  

QC - MDL 
 

  

Procedure 7.4.2.2 Retention Time Window – Establish daily 
retention time windows for each analyte of interest 
using the absolute retention time for each analyte 
as the midpoint of the window for that day if after 
analyzing the midpoint it is determined that one or 
more analytes falls outside of the previously 
established absolute retention time window. The 
daily retention time window equals the midpoint ± 
three times the standard deviation determined in 
Section 7.3. 
 
7.5.4 The Methylene chloride blank is analyzed if 
requested by the client and will be less than the 
PQL. 
 
7.5.4 Baseline correction is allowed to correct for 
rises due to temperature programming.  Range 
integration is corrected by the automatic subtraction 
of the baseline established by activation of a 
programmed run without the injection of any 
material.  Instrument baseline must be established 
for every batch of samples. 
 
5.7 The standards are prepared at the following five 
different concentrations: 200 ug/ml, 100 ug/ml, 50 
ug/ml, 20 ug/ml, and 5 ug/ml (per each component).  

9.3.2.2 Retention Time Window – The retention 
time window for the surrogates and C8 and C40 
shall be within the established range ...  If they are 
out of acceptance range, a new initial calibration 
must be prepared and verified before samples are 
analyzed. 
 
 
 
 
9.5.4 The methylene chloride blank must be analyzed 
with each sequence and the PRO concentration shall 
be less than the MDL of the method. 
 
9.5.4 Do not baseline subtract 
 
 
 
 
 
 
7.4.3 Suggested calibration levels are 5, 50, 150, 
250, 350 and 500 ug/mL of each individual 
component. 
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TABLE 3 
 

METHOD ACCEPTANCE CRITERIA 
 

 % Recovery Precision (%RSD) 
 Water Soil Water Soil 
  Soxhlet Sonication  Soxhlet Sonicati

on 
Matrix Spike Samples 41-101 41-224 62-204 0-20 0-25 0-25 
Laboratory Control Spike Samples 55-118 63-135 63-153 0-20 0-25 0-25 
Surrogates:   OTP 82-142 57-115 62-109    
n-triacontane-D62 70-130 70-130 70-130    

 
 
 
 
 

TABLE 4 
 

PQLS 
 

Analyte Water 
ug/L 

Soil 
mg/Kg 

PRO 500 20 
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FIGURE 1 
 

EXAMPLE OF RUNLOG PAGE 
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FIGURE 2 
 

EXAMPLE OF DATA REVIEW CHECKLIST 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the method used by Katahdin Analytical Services 
technical personnel to measure the concentration of gasoline range organics in water and 
soil. This procedure measures compounds from MTBE through naphthalene inclusive. This 
corresponds to a boiling point range between approximately 60°C and 220°C. The 
analytical procedure is based on a purge-and-trap, Gas Chromatography (GC) procedure.  

 
1.1 Definitions 

 
ANALYTICAL BATCH: 20 or fewer samples which are analyzed together with the same 
method sequence and the same lots of reagents and with the manipulations common 
to each sample within the same time period or in continuous sequential time periods. 
 
METHOD BLANK (LABORATORY REAGENT BLANK): An artificial sample designed 
to determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus. For aqueous samples, reagent water is 
used as a blank matrix. For soil samples, clean (muffled) sand is used as a blank 
matrix.  The blank is taken through the appropriate steps of the process. 
 
GASOLINE RANGE ORGANICS (GRO): All chromatographic peaks eluting from 
methyl-tert-butylether through naphthalene, inclusive. Quantitation is based on a 
direct comparison of the area within this range to the total area of the 10 
components in the Gasoline Component Standard. 
 
GASOLINE COMPONENT STANDARD: A ten component blend of typical gasoline 
compounds (Table 4). This standard serves as a quantitation standard and a 
retention time window for gasoline range organics. 
 
INDEPENDENT CALIBRATION VERIFICATION (ICV):  The ICV is obtained from a 
source external to the laboratory and different from the source of calibration standards. 
A reagent water blank is spiked with the ICV Standard and analyzed immediately 
following a calibration.  
 
COMMERCIAL GASOLINE STANDARD:  The Commercial Gasoline Standard is 
analyzed following a calibration and is used for fingerprinting purposes. 
 
LABORATORY CONTROL SAMPLE (GASOLINE COMPONENT SPIKE): A reagent 
water blank or reagent methanol blank sample spiked with the Gasoline Component 
Standard and run through the method with samples as a quality control check.  The 
LCS is obtained from a source external to the laboratory and different from the source 
of calibration standards.  It is used to check laboratory performance with external 
prepared test materials. 
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MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): An aliquot of an 
environmental sample to which known quantities of the method analytes are added in 
the laboratory.  The MS/MSD is analyzed exactly like a sample, and its purpose is to 
determine whether the sample matrix contributes bias to the analytical results.    The 
background concentrations of the analytes in the sample matrix must be determined in 
a separate aliquot and the measured values in the MS/MSD corrected for background 
concentrations.  
 
METHOD DETECTION LIMIT (MDL): Minimum concentration that an analyte can be 
measured and reported with a 99% confidence that the analyte concentration is 
greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte. The MDL is determined using EPA Appendix B to Part 136, 
CFR 40 Ch. 1 (7-1-94) using the Student t Test. 
 
PRACTICAL QUANTITATION LIMIT (PQL): The practical quantitation limit for 
gasoline is 10 ug/L for water samples and 2.5 mg/Kg for soil samples. 
 
TEMPERATURE BLANK: (If required by project) A vial of water supplied by the 
laboratory, treated in the same manner as sample vials and carried along with 
samples, to determine if proper cooling of samples has been achieved (0°C-6°C). A 
40 mL or 60 mL vial will be adequate for this purpose. 
 
KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS): A complete multi-user 
system with the capabilities of integrating laboratory instrumentation, generating 
laboratory worksheets, providing complete Lab Order status and generating reports. 
KIMS utilizes these features through a database. 
 
PE NELSON TURBOCHROM OR HP CHEMSTATION:  data acquisition systems that 
are used to collect chromatographic data.  The systems can also be used to archive 
raw data files. 
 
TARGET:  A software system that combines full processing, reporting and 
comprehensive review capabilities, regardless of chromatographic vendor and data 
type. 
 
TARGET DB:  An oracle database used to store and organize all Target data files. 
 
QUICKFORMS:  A laboratory reporting software for Target and Target DB.  The 
QuickForms report module for Target is preconfigured with generalized forms and 
US EPA CLP report forms and disk deliverables, which can be customized. 
 

1.2 Responsibilities 
 

This method is restricted to use by, or under the supervision of analysts experienced in 
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the analysis of GRO’s by Method 8015C (with or without modifications). Each analyst 
must demonstrate and document their ability to generate acceptable results with this 
method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training & 
Documentation of Capability”. 

 
It is the responsibility of all Katahdin technical personnel involved in analysis of 
GRO’s by Method 8015 (with or without modifications) to read and understand this 
SOP, to adhere to the procedures outlined, and to properly document their data in 
the appropriate lab notebook. Any deviations from the test or irregularities with the 
samples should also be recorded in the lab notebook and reported to the Department 
Manager or designated qualified data reviewer responsible for this data. 
 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs (material safety data sheets) for all the materials used 
in this procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Plan and must follow appropriate procedures.  These include the use of appropriate 
personal protective equipment (PPE) such as safety glasses, gloves and lab coats 
when working with chemicals or near an instrument and not taking food or drink into 
the laboratory. Each analyst should know the location of all safety equipment. Each 
analyst shall receive a safety orientation from their Department Manager, or designee, 
appropriate for the job functions they will perform.  
 

1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention techniques 
to address their waste generation.  Refer to the current revision of the Katahdin 
Hazardous Waste Management Program for further details on pollution prevention 
techniques. 

 
Wastes generated during the preparation of samples must be disposed of in 
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accordance with the Katahdin Analytical Environmental Health and Safety Manual 
and SOP SD-903, “Sample Disposal,” current revision. Expired standards are lab 
packed, placed in the Katahdin hazardous waste storage area, and disposed of in 
accordance with this SOP.  Purge vial and methanol waste are disposed of in the “A” 
waste satellite accumulation area located between the Gasoline Range instruments. 

   
 
2.0 SUMMARY OF METHOD 
 

The method provides gas chromatographic conditions for the detection of volatile petroleum 
fractions such as gasoline, Stoddard solvent or mineral spirits. Samples are analyzed 
utilizing purge-and-trap sample concentration. The gas chromatograph is temperature 
programmed and utilizes a capillary column (75 meter 0.45mm ID DBVRX or equivalent) to 
facilitate separation of organic compounds. Detection is achieved by a flame ionization 
detector (FID) or photoionization detector (PID)/(FID) in series with the non-destructive 
(PID) first in the series. Quantitation is based on FID detector response to a gasoline 
component standard utilizing an external standard method. 

 
The method is suitable for the analysis of waters, soils, or wastes. Water samples can be 
analyzed directly for gasoline range organics by purge-and-trap extraction and gas 
chromatography. Soil or waste samples are dispersed in methanol to dissolve the volatile 
organic constituents. A portion of the methanol solution is then analyzed by purge-and-trap 
GC. 

 
This method is based in part on 1) API’s PETROLEUM HYDROCARBON METHODS 
[Revised August 1993], 2) Wisconsin GRO and DRO methods, 3) SW-846 methods 5030, 
8000, and 8015; 4) The Massachusetts TPH methodologies, 5) Maine HETL GRO 
methods. 

   
 
3.0 INTERFERENCES 
 

Heavier petroleum products such as diesel fuel may contain some volatile components, 
producing a response within the retention time range for GRO. Other compounds that 
respond to the FID such as chlorinated and oxygenated hydrocarbons are detected by this 
method and will be included in the concentration. If the analyst suspects that compounds 
are present that are not present in gasoline mixtures, the analyst should suggest additional 
analysis. Spills of known specific constituents should be analyzed and quantified by a 
method specific for those constituents.  
Samples can become contaminated by diffusion of volatile organics through the sample 
container septum during shipment and storage or by dissolution of volatiles into the 
methanol used for preservation. Trip blanks prepared from both reagent water and 
methanol should be carried through sampling and subsequent storage and handling to 
serve as a check on such contamination. (Methanol trip blank required only if soil samples 
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are preserved with methanol in the field.) 
 
Contamination by carryover can occur whenever high-level and low-level samples are 
sequentially analyzed. To reduce carryover, the sample syringe and/or purging device must 
be rinsed between samples with reagent water or solvent. For volatile samples containing 
high concentrations of water-soluble materials, suspended solids, high boiling compounds 
or organohalides, it may be necessary to wash the syringe or purging device with a 
detergent solution, rinse with distilled water, and then dry in a 105°C oven between 
analyses. The trap and other parts of the system are also subject to contamination, 
therefore, frequent bake-out and purging of the entire system may be required. A screening 
step is recommended to protect analytical instrumentation. Whenever an unusually 
concentrated sample is encountered, it should be followed by an analysis of a water blank 
to check for cross-contamination. 
 
The retention time window definition (methyl-tert-butylether through naphthalene inclusive) 
introduces a negative bias, however, it improves comparability between laboratory data. 
Note that gasoline blends often contain 10% ethanol, which could be responsible for a 
portion of this negative bias. 
 
The flame ionization detector (FID) is a non-selective detector. There is a potential for many 
non-target compounds present in samples to interfere with this analysis. There is also the 
potential for analytes to be resolved poorly, especially in samples that contain many 
analytes. The data user should consider this and may wish to alter the target analyte list 
accordingly. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Gas Chromatograph Analytical system complete with gas chromatograph suitable 
for purge-and-trap sample introduction and all required accessories, including 
detectors, column supplies, recorder, gases and syringes. A data system capable of 
determining peak areas by integrating from baseline to baseline is required. 

 
4.2 Columns (Capillary Columns are Required) 

 
4.2.1 The capillary column must be capable of resolving typical gasoline 

components. It must be capable of achieving a 60% resolution of all 10 
components, with the exception of meta and para-xylene. It must also be 
capable of separating methyl-tert-butylether from methanol at the 
concentration resulting from preparation of the standard or in the sample 
spiked with surrogate. The Resolution is defined as:  

 
(Height of Smaller Peak)(Height of Valley)   x  100 % 
 (Height of Smaller Peak) 
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4.2.2 Suggested columns: Note either column can be used for soil or water 

provided the resolution meets the criteria given above. 
 

• DBVRX 75 meter 0.45 mm ID, 2.5 um film thickness (or equivalent). 
  
• RTX 502.2 105 meter 0.53 mm ID, 3.0 um film thickness (or equivalent). 

 
• Any capillary column phase and length and diameter may be used as 

long as the requirements of resolution of this method are met. 
 
4.3 Detector:  Flame ionization (FID), or FID in series with a Photoionization detector 

(PID). 
 
4.4 Purge-and-trap device: The purge-and-trap device consists of three separate pieces 

of equipment: the sample purger, the trap, and the desorber. Several complete 
devices are commercially available. 
 
4.4.1 Commercially available automated sample purge devices may be used, 

provided that equivalent performance is demonstrated. 
 
4.4.2 The recommended trap is the Supelco H trap which consists of 7.6 cm 

Carbopack B and 1.3 cm Carbosieve S-III. Refer to the instrument runlog for 
the trap conditions. The trap length and packing materials may be varied as 
long as equivalent performance compared to the recommended trap has 
been verified. Demonstration of equivalency of trap performance must be 
based on a full range of gasoline components, not just on the 10 
components in the standard. 

 
4.4.3 Traps should be conditioned, desorbed, and baked according to the 

manufacturers’ guidelines. The trap may be vented to the analytical column 
during daily conditioning, however, the column must be run through the 
temperature program prior to analysis of samples. 

 
4.4.4 The desorber should be capable of rapidly heating the trap to the 

recommended desorption temperature. 
 

4.5 Analytical balance: A balance capable of accurately weighing 0.0001 g (for 
preparing standards). A top-loading balance capable of weighing to the nearest 0.01 
g (for weighing soil samples). 

 
4.6 Ultrasonic bath. 
 
4.7 VOC Vials: 40 mL VOC vials with Teflon/silicone septa for waters and soils. Soils 
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not preserved in the field may be collected in wide mouth jars with Teflon lined caps 
(2 or 4 oz jars recommended). 

 
4.8 Syringes: 5 mL gas-tight syringe (with shutoff valve recommended). 
 
4.9 Syringe valve: Two-way, with luer ends. 
 
4.10 Volumetric flask (class A): 10 mL, 50 mL, 100 mL, 500 mL, and 1,000 mL with a 

ground-glass or screw-top stopper. 
 
4.11 Microsyringes: 1 uL, 5 uL, 10 uL, 25 uL, 100 uL, 250 uL, 500 uL, and 1,000 uL. 
 
4.12 Disposable pipettes: Pasteur. 
 
4.13 Spatula: Stainless steel. 

 
4.14 40 mL VOA vials with Teflon lined septa or caps for soil extractions performed in the 

lab. 
   
 
5.0      REAGENTS 
 

5.1 Reagent Water: Organic free water. 
 
5.2 Methanol: Purge and trap grade or equivalent. Store away from other solvents. 
 
5.3 Acid for preserving water samples: A 1:1 mixture of reagent water and concentrated 

hydrochloric acid. Use 2 or more drops per 40 mL VOA vial. Acid may be added to 
the sample at the time of collection or may be added to the vial prior to the 
collection. Alternatively add 0.1 g of sodium hydrogen sulfate to the empty VOA vial. 
The final pH of the water should be <2. 

 
5.4 GRO free sand or soil. 
 
5.5 Stock Standards: Purchase individual certified component standards. A 

concentration of 20 mg/mL is recommended for individual component standards. 
 

5.5.1 Transfer the stock standard solution into a Teflon-sealed screw-cap or crimp 
cap bottle. Refrigerate, with minimal headspace and protect from light. 

 
5.5.2 Standards must be replaced after 6 months or sooner if comparison with 

check standards indicates a problem.  
 

5.6 Gasoline Component Standard: Purchase a certified Gasoline Component Standard 
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from an acceptable supplier like Supelco. These standards should be stored with 
minimal headspace and should be checked frequently for signs of degradation or 
evaporation. The component standard must be replaced after 6 months or sooner if 
comparison with a check standard indicates a problem. 

 
5.7 Calibration Standards: Prepare Calibration standards at a minimum of five 

concentration levels in reagent water from the Gasoline Component Standard. One 
of the concentration levels should be at the minimum reporting level. The remaining 
concentration levels should correspond to the working range of the GC system.  
Refer to section 7.4.  

 
5.8 Independent Calibration Standard (ICV)/Laboratory Control Spike Standard (LCS) 

Stock Standards:  Purchased form a source external to the laboratory and different 
from the source of calibration standards. These standards should be stored with 
minimal headspace and should be checked frequently for signs of degradation or 
evaporation. The component standard must be replaced after 6 months or sooner if 
comparison with a check standard indicates a problem. 

 
5.9 Independent Calibration Standard (ICV)/Laboratory Control Spike Standard (LCS) 

Working Standards: Prepare standards at a concentration level near or at the mid-
point of the calibration in methanol from the Independent Calibration Standard 
(ICV)/Laboratory Control Spike Standard (LCS) Stock Standards.  

 
5.10 Surrogate Control Standard (SCS): The analyst should monitor the performance of 

the analytical system by spiking each water sample, standard, water blank and 
diluted soil extract with the surrogate compound Bromofluorobenzene (BFB).  All 
samples are spiked with 2 uL of a 50 ug/mL concentration of BFB to give a final 
concentration of 20 ug/L.  

 
5.11 Commercial Gasoline: Purchase a certified Commercial Gasoline Fuel Standard 

from an acceptable supplier like Supelco. This standard should be stored with 
minimal headspace and should be checked frequently for signs of degradation or 
evaporation. The standard must be replaced after 6 months or sooner if comparison 
with a check standard indicates a problem. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

6.1 Soil core samples may be collected in wide mouth jars when field preservation is not 
required. Minimum handling is required to reduce VOC loss. Samples that are 
preserved in the field should be collected in septum vials. 

 
6.1.1 Note on the chain of custody when samples are not preserved in the field. If 

the sample is not preserved in the field, the container should be filled to 
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minimize the headspace. If there is a large headspace, this fact should also 
be noted on the chain of custody. 

 
6.1.2 If samples are not received cold, note this occurrence on the chain of 

custody.  
 
6.1.3 Refrigerate samples at (4°C ± 2°C) as soon as possible after they are 

received at the lab. 
 
6.1.4 Analysis must be completed within 14 days of collection. 

 
6.2 Collect water samples in 40 mL septum vials and preserve with acid at time of 

collection. 
 

6.2.1 Check water samples for air bubble(s) and reject if the bubble(s) are 
significant. 

 
6.2.2 If samples are not received cold, note this occurrence on the chain of 

custody. 
 
6.2.3 Place samples in a refrigerator at 4°C ± 2°C as soon as possible after they 

are received at the lab. 
 
6.2.4 A water trip blank that accompanies all samples and is analyzed with the 

samples may be required for specific projects. 
 
6.2.5 Water samples must be analyzed within 14 days of collection. 

   
 
7.0 PROCEDURES 
 

7.1 Volatile compounds are introduced into the gas chromatograph by purge-and-trap. 
Purge-and-trap may be used directly on groundwater samples. Soils and solids 
should be analyzed by methanol extraction followed by purge-and-trap. Soil 
concentrations will be reported on a dry weight basis. 

 
7.2 Gas Chromatography 

 
7.2.1 Conditions for Column 1: Suggested conditions for a 75 m x 0.45 mm I.D. 

DBVRX, or equivalent: Set helium column pressure as recommended by the 
manufacturer. Set column temperature to 35°C for 7 min, then 4°C/min to 
130°C, then 8°C/min to 160°C, 20°C/min to 230°C (hold for 4 min). 
Conditions may be altered to improve resolution of gasoline range organics. 
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7.2.2 Other columns: Set GC conditions to meet the criteria in Section 4.2.1. 
 

7.3 Retention Time Window and Quantitation 
 
7.3.1 Gasoline Range Organics (GRO): All chromatographic peaks eluting from 

methyl-tert-butylether through naphthalene, inclusive. Quantitation is based 
on a direct comparison of the area within this range to the total area of the 
10 components in the Gasoline Component Standard. (Using a "baseline to 
baseline" integration as opposed to a "valley to valley" integration.) 

 
Note: The area of the MTBE peak may be determined by tangent skimming when 

necessary. 
 
7.3.2 The retention time window is defined as beginning approximately 0.1 

minutes before the retention time of methyl-tert-butylether and ending 0.1 
minutes after the retention time of naphthalene in the calibration run. 

 
Please note that using the nominal window of 0.1 minutes and the use of the 
retention time markers methyl-tert-butylether and naphthalene may not be 
allowable for certain states, federal programs, or clients.  For projects 
requiring DoD QSM, current version,, the retention time width is plus or 
minus three times the standard deviation for each analyte retention time from 
a 72-hour study.  South Carolina only allows the use of established retention 
time windows and the retention time markers 2-Methylpentane and 1,2,4-
Trimethylbenzene.  The retention time windows must be established as 
described below. 

 
7.3.2.1 Three injections of the GRO component standard mix are made   

throughout the course of a 72 hour period.   
 
7.3.2.2 The standard deviation of the three retention times for 2-Methylpentane 

and 1,2,4-Trimethylbenzene are calculated.  
 

7.3.2.3 Plus or minus three times the standard deviation of the retention times 
for each standard is used to define the retention time window.  

7.3.2.4 Retention time windows are calculated for each standard on each GC 
column and whenever a new GC column is installed.  The data is kept 
on file in the laboratory.   

 
7.3.2.5 If the calculated retention time window results in a value of 0.03 

minutes or less, the laboratory will apply a nominal window of 0.03 
minutes.  

 
7.3.3 The laboratory must determine retention time windows for the first and last 
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standard on each GC column and whenever a new GC column is installed. 
This data must be retained by the laboratory. 

 
7.3.4 Quantify by summing all peak areas eluting from methyl-tert-butylether 

through naphthalene, inclusive. 
 

7.4 GRO Calibration 
 

7.4.1 Run the Gasoline Component Standard at a minimum of five concentration 
levels at the minimum reporting level and covering the working range of the 
instrument. When the calibration curve is run an independent check 
standard should also be run to validate the curve.  A gasoline standard is 
also run with the calibration curve for fingerprinting purposes. 

 
  Please note that using the Gasoline component calibration standard may not 

be allowable for certain states, federal programs, or clients.  South Carolina 
requires the use of a fuel oil as the calibration standard.  If the specific fuel 
type is known, the laboratory should obtain a pure sample of material from 
the tank that is leaking.  For unknown samples, the instrument is calibrated 
using Gasoline fuel. The calibration levels for Gasoline are prepared at the 
same concentrations as that of the GRO calibration.  The 100 ug/L standard 
is used as the mid-point or calibration verification standard (CV).   

 
7.4.2 The instrument is calibrated by injecting a specific amount of one of the 

three mixes as indicated in the table below.  Mix A contains the GRO 
component mix at 25 ug/mL and the surrogate BFB at 5 ug/mL.  Mix B 
contains the GRO component mix at 250 ug/mL and the surrogate BFB at 50 
ug/mL.  Mix C contains the GRO component mix at 2500 ug/mL and the 
surrogate BFB at 500 ug/mL.   

  
Amount injected Concentration of 

GRO ug/L 
Concentration 
of BFB ug/L 

2 uL of Mix A 10 2 
2 uL of Mix B 100 20 
5 uL of Mix B 250 50 

10 uL of Mix B 500 100 
2 uL of Mix C 1000 200 
4 uL of Mix C 2000 400 

 
The solutions are added directly in the 5 mL glass syringe as follows: 
 
• Add the aliquot of calibration solution directly to the reagent water in the 

glass syringe by inserting the needle through the syringe end. 
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• When discharging the contents of the microsyringe, be sure that the end 

of the syringe needle is well beneath the surface of the reagent water. 
 
• Inject the standard into the purge vessel through the two-way valve. 
 

7.4.3 Inject 5 mLs of each calibration standard utilizing the purge-and-trap 
analysis. Retention time window position shall be set using the midpoint 
standard from the curve. Tabulate the entire peak area (baseline to baseline) 
for the ten components against the mass injected. The results are used to 
prepare a calibration curve by linear regression. 

 
7.4.4 An Independent Calibration Verification Standard is analyzed immediately 

after calibration, before any samples are analyzed.  For projects requiring 
DoD QSM, current version,, all project analytes must fall within the 
established retention time windows.   

 
7.4.5 A gasoline standard is analyzed following the calibration curve to be used for 

fingerprinting purposes. 
 

7.4.6 The working calibration curve must be verified at the beginning and end of 
each analytical sequence by the injection of a mid-point Gasoline 
Component Standard or calibration verification standard (CV). A CV must 
also be analyzed every 10 samples or after a 12 hour shift, whichever is 
sooner. If the response for the CV varies from the predicted response by 
more than 20%, the analytical system should be examined to determine the 
cause and corrective action should be performed and/or a new CV should be 
prepared and analyzed. If the 20% criteria is still not met, the system must 
be recalibrated. All samples must be reanalyzed that fall within the standard 
that exceeded criteria and the last standard that was acceptable. 
The closing CV should be at a level different than the opening CV. 

 
Please note that using the Gasoline component calibration verification 
standard (CV) as well as an acceptance criteria of 20% may not be allowable 
for certain states, federal programs, or clients. For projects requiring DoD 
QSM, current version,, all project analytes must fall within the established 
retention time windows.  South Carolina requires the use of a fuel oil as the 
CV. Also, South Carolina requires the analysis of a standard that contains 2-
Methylpentane and 1,2,4-Trimethylbenzene at the beginning and end of each 
12 hour work shift.     The acceptance criteria for the fuel oil CV is 15% and 
2-Methylpentane and 1,2,4-Trimethylbenzene must fall within the established 
retention time window. 
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7.5 Gas Chromatographic Analysis of Water Samples  
 

Please refer to Katahdin Analytical Services SOP CA-108, “Basic Laboratory 
Technique”, current revision, for more information on subsampling. 

 
7.5.1 Introduce volatile compounds into the gas chromatograph using the purge-

and-trap method. For automated systems follow the manufacturers’ 
recommended procedure. 

 
7.5.2 Adjust the purge gas flow rate (nitrogen or helium) to 25-40 mL/min on the 

purge-and-trap device. 
 
7.5.3 Remove the plunger from a 5 mL gas-tight syringe that has been rinsed 

three times with reagent water. Open the sample or standard bottle and 
carefully pour the sample into the syringe. Replace the plunger and vent any 
residual air while adjusting the sample volume to 5 mL. Care must be taken 
to prevent air from leaking into the syringe. 

 
7.5.4 For samples requiring dilutions, the sample may be diluted directly in the 5 

mL gas-tight syringe.  Alternatively, the following procedure is appropriate for 
diluting purgeable samples. All steps must be performed without delays until 
the diluted sample is in a gas-tight syringe. 

 
7.5.5 Dilutions may be made in volumetric flasks (10 mL to 100 mL). Select the 

volumetric flask that will allow for the necessary dilution. Intermediate 
dilutions may be necessary for highly concentrated samples. 

 
7.5.6 Calculate the approximate volume of reagent water to be added to the 

volumetric flask selected and add slightly less than this volume of reagent 
water to the flask. 

 
7.5.7 Inject the proper aliquot of samples (taken from a filled VOA vial or from a 

storage syringe prepared as in Section 7.5.3) into the flask. If aliquots of less 
than 1 mL are required, use microliter syringes and deep injections to 
transfer the sample aliquot to the flask. Dilute the sample to the mark with 
reagent water. Cap the flask and invert three times. Repeat the above 
procedure for additional dilutions. Alternatively the dilutions can be made 
directly in a gas tight syringe to avoid further loss of volatiles. 

 
7.5.8 Fill a 5 mL syringe with diluted sample as in Section 7.5.3. 
 
7.5.9 For aqueous LCSs, use a 5 mL syringe rinsed three times with reagent 

water.  The volume is then brought to 5 mL and 2 uL of a 50 ug/mL 
concentration of BFB and 2 uL of a 250 ug/mL concentration of the GRO 
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LCS Mix are added to the 5 mL syringe.  For the MS and/or MSD, after 
rinsing with water, the syringe is rinsed with sample and then is brought to 5 
mL with sample.  The same amount of the same standards used for the LCS 
are added to the 5 mL syringe of sample. 

 
7.5.10 Add surrogate to sample or diluted sample by spiking 2 uL of a 50 ug/mL 

solution of BFB directly into the syringe. Inject sample into the purging 
chamber. 

 
7.5.11 Close the valve and purge the sample for 11 minutes at ambient 

temperature. 
 
7.5.12 At the conclusion of the purge time, the purge and trap concentrator should 

wait in desorb ready mode until the GC temperature stabilizes at 35°C. The 
purge-and-trap will then be triggered by the GC as it initiates its run and the 
concentrator will move automatically into the desorb mode. As desorption is 
initiated the trapped materials are introduced to the gas chromatographic 
column by rapidly heating the trap to the manufacturer’s recommended 
desorption temperature and backflushing the trap for the recommended 
desorption time. 

 
7.5.13 Wash the ALS position with a minimum of one 5 mL flush of reagent water 

(or methanol followed by reagent water) to avoid carryover of pollutant 
compounds into subsequent analyses. 

 
7.5.14 After desorbing the sample, recondition the trap by baking the purge-and-

trap device at the recommended bake temperature. After approximately 7-35 
min, turn off the trap heater and open the syringe valve to stop the gas flow 
through the trap. When cool, the trap is ready for the next sample. 

 
7.5.15 If the initial analysis of a sample or a dilution of the sample has a 

concentration of analytes that exceeds the initial calibration range, the 
sample must be reanalyzed at a higher dilution. When a sample is analyzed 
that has a saturated response from a compound, this analysis must be 
followed by a blank reagent water analysis. If the blank analysis is not free of 
interferences, the system must be decontaminated. Sample analysis may 
not resume until a blank can be analyzed that is free of interferences. 

 
7.5.16 All dilutions should keep the response of the major constituents (previously 

saturated peaks) in the linear range of the curve. 
 
7.5.17 All water samples should be checked to make sure that they were 

preserved. After sample analysis (or after removing an aliquot for analysis), 
check the pH of the water using pH paper. If the pH is not <2, this fact 
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should be noted in the instrument run-log, and noted in the sample narrative. 
 

7.6 Methanol Extraction for Soil/Sediment 
 

7.6.1 This method is based on extracting the sediment/soil with methanol. An 
aliquot of the extract is added to reagent water and purged at the conditions 
indicated in Table 3.  

 
7.6.1.1 Add approximately 10 g of sample into a tared sample vial and weigh 

to the nearest 0.01 g. Immediately add 10 mLs of methanol to the 
vial.  

 
7.6.1.2 If the soil sample has been methanol preserved in the field, both the 

weight of the soil and the volume of the methanol must be recorded. 
The ratio of the soil to methanol should be approximately 1 gram soil: 
1 milliliter of methanol with a minimum soil weight of 10 grams.  

 
7.6.1.3 For the LCS/LCSD, 10 g of sand is added to a 40 mL VOA vial 

followed by the addition of 10 mL of methanol.  Then 12.5 uL of a 
2000 ug/mL concentration of Gasoline Component Spike solution is 
spiked into the methanol.  

 
7.6.1.4 The MS/MSD is prepared by adding 10 g of sample into a 40 mL 

VOA vial followed by 10 mL of methanol. Then 12.5 uL of a 2000 
ug/mL concentration of Gasoline Component Spike solution is spiked 
into the methanol.  

 
7.6.1.5 Record all weights and volumes in the GC Soil Prep Logbook (Figure 

1). 
 

7.6.2 Shake the sample(s) and QC for 2 minutes and sonicate for 20 minutes. 
 
7.6.3 Allow sediment to settle until a layer of methanol is apparent. Centrifuge if 

necessary.  If not analyzed immediately store at 6°C or less. 
 
7.6.4 Using a microliter syringe, withdraw an appropriate volume. 
 
7.6.5 Remove the plunger from a 5 mL gas tight syringe equipped with a syringe 

valve that has been rinsed three times with reagent water and fill until 
overflowing with reagent water. Replace the plunger and compress the water 
to vent trapped air. Pull the plunger to 5 mLs and add 20 uL of the sample 
extract.  
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7.6.6 Add surrogate to sample or diluted sample by spiking 2 uL of a 50 ug/mL 
solution of BFB directly into the syringe. Inject sample into the purging 
chamber. 

 
7.6.7 Proceed with the analysis as in 7.5.11-7.5.16. Analyze all reagent blanks 

and QC samples on the same instrument as that used for the samples. The 
reagent blank should contain 20 uL of the methanol used to extract the 
samples (or a volume equal to the largest amount of extract purged). 

 
7.6.8 If the responses exceed the calibration or linear range of the systems, repeat 

the analysis using a smaller aliquot of methanol extract. 
 

7.7 Calculations 
 

7.7.1 GRO Calibration: The concentration of Gasoline Range Organics in the 
sample is determined from a summation of the total peak area for all 
chromatographic peaks eluting from methyl-tert-butylether through 
naphthalene, inclusive, using the calibration curve. (Using a "baseline to 
baseline" integration as opposed to a "valley to valley" integration.) Refer to 
Section 7.3 (Retention Time Windows and Quantitation). 

 
Quantitation may be based on a linear regression equation derived from the 
calibration curve. 

 
Linear regression: From the calibration standards GC responses, R, and their 
known concentrations, C in ug/L, the following linear equation may be derived 
[R is plotted on the y axis; C is plotted on the x axis]: 
 

R = mC + b; which can be rearranged to C = (R - b)/(m). 
 
Using the slope (m) and the intercept (b) from this equation the concentration 
of the sample can be calculated.   

 
7.7.2 The concentration of an analyte is calculated by using the calibrated curve that 

is prepared in Target. When an analyte is identified, Target displays a 
concentration when the file is processed through the appropriate calibrated 
method.  

 
7.7.3 The concentrations from the reports are then incorporated to arrive at a final 

sample concentration.     
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                                   Water:  Concentration (ug/L) = (C) (5mL)/(Vs) 

 
                                                Soil:   Concentration (mg/Kgdrywt) = (C) (Vm)(0.005L)/(Ws)(VE)(D) 

      
 Where:  C = Concentration calculated by Turbochrom in ug/L 

Vs = Volume of sample purged in mL 
Ws = Weight of sample extracted in grams 
VM  = Volume of methanol in mL 
VE  = Volume of extract purged in mL 
D   = Decimal total solids 

 
7.7.4 Blank areas may not be subtracted from sample areas. Chromatographic 

baseline rises due to temperature programming may be corrected for by 
using baseline correction. The baseline correction may be performed by the 
most convenient method that the data handling system allows. 

 
7.7.5 If an aqueous method blank exceeds the PQL of 10 ug/L, all water samples 

associated with this blank must be rerun.  However, if the sample 
concentration exceeds the blank contamination by 10 times, the contribution 
from the blank is negligible, and the data may be reported with narration.  
For projects requiring DoD QSM, current version,, the method blank must 
not detect any analytes >1/2 the PQL and >1/10 the amount measured in 
any sample or 1/10 the regulatory limit (whichever is greater). 

 
7.7.6 If a methanol blank exceeds the PQL of 2.5 mg/Kg, all soil samples 

associated with this blank must be rerun.  However, if the sample 
concentration exceeds the blank contamination by 10 times, the contribution 
from the blank is negligible, and the data may be reported with narration.  
For projects requiring DoD QSM, current version,, the method blank must 
not detect any analytes >1/2 the PQL and >1/10 the amount measured in 
any sample or 1/10 the regulatory limit (whichever is greater). 

 
7.7.7 To ensure that peaks outside the GRO window are not missed, run the 

chromatogram out 5 minutes past the last component in the GRO 
component standard. All significant peaks (and baseline rises) outside the 
window should be qualitatively assessed. 

 
7.8 Data Review 

 
7.8.1 Initial Data Review 

 
7.8.1.1 The initial data review is accomplished by the analyst who ran the 

samples. This review is of sufficient quality and detail to provide a list 
of samples that need to be reanalyzed or diluted and reanalyzed.  
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The initial data review is performed on the detailed quantitation 
reports of the analyzed samples.  This data review examines criteria 
that directly impact whether or not the sample needs to be 
reanalyzed and/or reextracted.  These criteria include: 

 
• QC criteria for method blank, LCS, MS/MSD, and calibration – 

refer to section 8.0. 
 
• Surrogate recovery. 

 
• Chromatography: manual integration. 

 
• Target compound detection: quantitation, false positives. 
 

7.8.1.2 The requirement of the GC laboratory is that this initial data review be 
completed no later than the end of the next work day.  After the 
analyst has completed his or her initial data review, the information is 
then ready to be processed for reporting.  Refer to section 7.9. 

 
7.8.2 Surrogate recovery 
 

7.8.2.1 All recoveries must meet the most recent laboratory established 
acceptance limits, which are listed on the GC Laboratory Surrogate 
Acceptance Limit sheet. 

 
7.8.2.2 The sample is evaluated for recovery of the surrogate BFB for water 

samples and soil samples.  For both water and soil samples, if the 
recovery of BFB is low and there is no apparent matrix effect, the 
sample should be reanalyzed.  If the BFB is low and there may be a 
matrix effect, reanalyze to confirm a matrix effect.  If the surrogate is 
high and the sample results are less than the PQL, or there is likely a 
matrix effect, narrate.  

 
7.8.2.3 For projects requiring DoD QSM, current version,, Q-flag all detected 

analytes in the sample if the surrogates fail the acceptance criteria. 
 

7.8.3 Chromatography 
 

7.8.3.1 The chromatography should be examined for the presence of any 
non-target peaks, which can be used as an indication of whether or 
not matrix interference might be influencing surrogate recoveries.  

 
7.8.3.2 Manual integrations are to be performed when chromatographic 

conditions preclude the computer algorithm from correctly integrating 
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the peak of concern.  In no instance shall a manual integration be 
performed solely to bring a peak within criteria. 

 
7.8.3.3 Each peak of concern is examined by the primary analyst to ensure 

that the peak was integrated properly by the computer algorithm.  
Any manual integrations that are necessary (for instance, if the 
sample contains a concentration of GRO which was integrated 
“valley to valley” instead of a “baseline to baseline”), are performed in 
Target Review.  An “M” qualifier will automatically be printed on the 
quantitation report summary. For specific procedures on how to 
manually integrate, refer to Katahdin SOP QA-812, Manual 
Integration, current revision. 

 
7.8.4 Target Compound Detection 

 
To correctly quantitate the GRO concentration, the area of the surrogate 
BFB is not included in the GRO timed range area.  In some instances, BFB 
may need to be manually integrated in Target Review to correctly quantitate 
the BFB and GRO concentrations. 
 

7.9  Reporting 
 

After the chromatograms have been reviewed and any target analytes have been 
quantitated using Target, the necessary files are brought into QuickForms.  
Depending on the QC level requested by the client, a Report of Analysis (ROA) and 
additional reports, such as LCS forms and chronology forms, are generated.  The 
package is assembled to include the necessary forms and raw data.  The data 
package is reviewed by the primary analyst and then forwarded to the secondary 
reviewer.  The secondary reviewer validates the data and checks the package for any 
errors.  When completed, the package is sent to the department manager for final 
review.  A completed review checklist is provided with each package.  The final data 
package from the Organics department is then processed by the Data Management 
department. 

   
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

Refer to Table 1 for a summary of QC requirements, acceptance criteria, and corrective 
actions. Table 1 criteria are intended to be guidelines for analysts.  The table does not cover 
all possible situations.   If any of the QC requirements are outside the recovery ranges listed in 
Table 1, all associated samples must be evaluated against all the QC.  In some cases data 
may be reported, but may be reanalyzed in other cases.  Making new reagents and standards 
may be necessary if the standardization is suspect. The corrective actions listed in Table 1 
may rely on analyst experience to make sound scientific judgments.  These decisions are 
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based on holding time considerations, client and project specific Data Quality Objectives and 
on review of chromatograms. The Department Manager, Operations Manager, and/or Quality 
Assurance Officer may be consulted to evaluate data.  Due to time constraints, samples may 
not be able to be reanalyzed within hold time.  In these cases “qualified” data with narration 
may be advisable after consultation with the client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed. 
 
8.1 The analyst must make an initial demonstration of the ability to generate acceptable 

accuracy and precision with this method by successful analysis of the following: 
 

8.1.1 Replicate Commercial Gasoline Spikes in Water: Analysis of 4 replicates at a 
concentration of 100 ug/L (in water) with an accuracy falling between 60% 
and 140% of the known concentration with a precision of 20% or less. 

 
8.1.2 Replicate Commercial Gasoline Spikes in Soil: Analysis of 4 replicates at a 

concentration of 25 mg/Kg with an accuracy between 60% and 140% of the 
known concentration and the precision should be within 20%. Soil spikes 
should be prepared and analyzed as described in Section 7.6.1.3. 

 
8.2 For every 20 samples analyzed the lab must analyze a set of duplicate Gasoline 

component Spikes in water. The duplicate spikes must be run through the method in 
the same manner as samples. The accuracy of the two water spikes must be within 
the laboratory’s statistically derived acceptance limits. and the percent relative 
difference between the two values must be 20% or less. 

 
Projects requesting DoD QSM, Current Version, require Q-flagging the specific LCS 
analytes that fail and are detected in the associated samples.  MS/MSD failures 
require a J-flag in the parent sample for the analytes that fail the acceptance criteria. 

 
8.3 With every analytical sequence containing soil samples, the lab must analyze one 

Gasoline Component Spike in clean sand or soil. The spike amount should fall in the 
linear range of the detector. The spike recovery must be within the laboratory’s 
statistically derived acceptance limits.  If soils are extracted in the lab, the soil spike 
should be prepared at the time of the extraction and analyzed along with the samples. 
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Projects requesting DoD QSM, Current Version, require Q-flagging the specific LCS 
analytes that fail and are detected in the associated samples.  MS/MSD failures 
require a J-flag in the parent sample for the analytes that fail the acceptance criteria. 

 
8.4 A water blank (containing purge-and-trap surrogate) must be run with every analytical 

sequence containing water samples, utilizing the same water used to prepare 
standards and make dilutions. The amount of material in the blank should not be at or 
above the PQL. For projects requiring DoD QSM, Current Version,, the method 
blank must not detect any analytes >1/2 the PQL and >1/10 the amount measured 
in any sample or 1/10 the regulatory limit (whichever is greater). 

 
8.5 A reagent methanol blank (containing purge-and-trap surrogate) prepared with clean 

(muffled) sand must be run with each analytical sequence containing soil samples, 
utilizing the same methanol used to prepare standards and dilute extracts and a 
methanol spike of 20 uL (or largest amount of extract used). The amount of material in 
the blank should not be at or above the PQL. For projects requiring DoD QSM , 
currnt version,, the method blank must not detect any analytes >1/2 the PQL and 
>1/10 the amount measured in any sample or 1/10 the regulatory limit (whichever is 
greater). 

 
8.6 Calibration requirements 

 
8.6.1 When linear regression analysis is used for calculations the correlation 

coefficient (r) must be at least 0.995.  For linear models, Target reports r2.  
This is calculated by either calculating r or squaring the result or by calculating 
the coefficient of determination.  For a linear calibration, the equation for either 
is the same.  The value for r2 must greater than or equal to 0.990. 

 
8.6.2 When average RF is used for calculations, the relative standard deviation of 

the RF's must not exceed 20%. 
 
8.6.3 An Independent Calibration Verification Standard (ICV) (obtained from a 

source independent of the calibration standards) should be analyzed 
concurrent with the calibration standards in order to confirm the validity of the 
calibration curve. The ICV should fall within 20% of the expected value using 
the calibration data. 

 
8.6.4 The calibration curve must be verified with each analytical sequence by 

running an opening and closing Calibration Verification Standard (CV). The 
closing CV is at 250 ppb. A CV must also be analyzed every 10 samples or 
after a 12 hour shift, whichever is sooner. The response must fall within 20% 
of the expected response. 

 
8.7 If any of the criteria above are not met, the problem must be corrected before further 
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samples are analyzed. Any samples that were analyzed following standards that did 
not meet calibration criteria must be reanalyzed (if reanalysis is not possible, the data 
must be flagged.) 

 
8.8 Laboratory Spiked Duplicates are to be run at a frequency of 10%. 
 

Alternatively duplicate samples and spiked samples can be substituted for the 
laboratory spiked duplicates at a frequency of 10%. Care must be taken to ensure that 
the samples are homogeneous before analyzing duplicates and spikes. 

 
8.9 One methanol field blank must accompany each sampling event (for each site and 

each day that samples are collected and preserved in the field). 
 
8.10 Trip blanks, field blanks, field duplicates and/or matrix spikes may be required for 

specific sampling programs. 
 
8.11 Water blanks should be run after samples suspected of being highly concentrated to 

prevent carryover. 
 
8.12 It is recommended that an acceptance criteria be established for recoveries of 

surrogates. Collect recoveries from 30 samples where no interference is suspected 
and calculate the mean recovery (X) and standard deviation (S). The acceptance 
limits for samples not exhibiting matrix interference will be X-3S to X+3S. The warning 
limits will be X-2S to X+2S. Plotting the surrogate recoveries on a control chart will 
make checking recoveries easier and is highly recommended.  Refer to the GC 
Laboratory Surrogate Acceptance Limits sheet for the current limits used. 
 
If surrogate recovery is outside of the established limits, verify calculations, dilutions, 
and standard solutions. Verify instrument performance, including checking for leaks 
and purge problems if the recovery is low. Low recovery may be due to the sample 
matrix. The analysis should be repeated, if the recovery is less than 50% or, if the 
analyses cannot be repeated, the data should be flagged. 
 
High recoveries may be due to coeluting matrix interference. Surrogate recoveries 
may be reported as "masked" in high level samples exhibiting matrix interference. 
These samples do not need to be rerun solely to try to bring surrogate recovery into 
acceptance limits. 
 
For projects requiring DoD QSM, current version,, Q-flag all detected analytes in the 
sample if the surrogates fail the acceptance criteria. 

 
8.13 Non-conformance Report (NCR): Whenever data is not acceptable because of a 

failing LCS or surrogate recovery, a non-conformance report must be initiated as soon 
as possible. 
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9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 
The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of Method 8015 for other method performance parameters and 
requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

“Test Methods for the Evaluation of Solid Waste: Physical/Chemical Methods”, SW-846, third 
Edition, Final Update IV, February 2007, Method 8000B, 8015C, and 5030B. 
 
Wisconsin DNR Modified GRO, July 1993 
 
American Petroleum Institute, “Method for Determination of Gasoline Range Organics”, 
9/93. 
 
Maine HETL, Method 4.2.17, Modified Method for the Determination of GROs, 9/95. 
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The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
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TABLE 1 
 

QC REQUIREMENTS 
 

Parameter/ 
Method 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action 

GRO by 
Method 8015 
 

Method blank  One per twenty 
samples or every 
day whichever is 
more frequent. 
 

GRO not  detected 
≥PQL 
For projects requiring 
DoD QSM, current 
version,, the method 
blank must not detect 
any analytes >1/2 the 
PQL and >1/10 the 
amount measured in 
any sample or 1/10 
the regulatory limit 
(whichever is 
greater). 

(1) Investigate source of 
contamination 
(2) Evaluate the samples and 
associated QC: i.e. If the blank 
results are above the PQL, report 
sample results which are < PQL or 
> 10X the blank concentration.  
Otherwise, reprep a blank and the 
remaining samples. 

 LCS/LCSD       One set per 
twenty samples or 
every day 
whichever is more 
frequent. 
 

Laboratory 
established 
acceptance limits 
 

(1) Evaluate the samples and 
associated QC: i.e. If an MS/MSD 
was analyzed and acceptable, 
narrate.  If an LCS/LCSD was 
performed and only one of the set 
was unacceptable, narrate.  If the 
surrogate recoveries in the LCS are 
low but are acceptable in the blank 
and samples, narrate.  If the LCS 
recovery is high but the sample 
results are < PQL, narrate.  
Otherwise, reprep a blank and the 
remaining samples. 

 ICAL consists of a 
minimum of 5 
calibration 
standards. The 
low standard is at 
or near the PQL. 

Once prior to 
initiating method 
then as needed 
(when CV fails). 

Correlation coefficient 
(r) ≥ 0.995, (r2) ≥ 
0.990. See sect. 
8.6.1 for further 
information. 
 

(1) Perform instrument 
maintenance as needed and reprep 
and/or reanalyze the 5 calibration 
standards.  

 CV at or near the 
mid-point of the 
calibration curve. 

Beginning of each 
analytical 
sequence if ICAL 
previously run; 
end of analytical 
sequence; every 
10 samples or 
after 12 hour shift, 
whichever is 
sooner 
 

+/- 20% D 
 

(1) Evaluate the samples: If the 
%D>±20% and sample results are 
<PQL, narrate.  
(2) If %D>±20% at the end of a 
sequence and is likely a result of 
matrix interference (i.e. samples 
analyzed before it had bad 
matrices), evaluate the samples 
between the opening and closing 
CV and narrate as needed.  All 
samples must be reanalyzed that 
fall within the standard that 
exceeded criteria and the last 
standard that was acceptable. 
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TABLE 1, cont’d 
 

QC REQUIREMENTS 
 

Parameter/ 
Method 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action 

GRO by 
Method 8015 
 

Matrix 
Spike/Matrix Spike 
Duplicate 

One set for every 
twenty samples  
For projects 
requiring DoD 
QSM, current 
version,, one set 
per preparatory 
batch, per matrix 

Laboratory 
established 
acceptance  limits 
RPD <30 

(1) Evaluate the samples and 
associated QC: i.e. If the LCS 
results are acceptable, narrate.  
(2) If both the LCS and MS/MSD 
are unacceptable, reprep the 
samples and QC. 

 Sample Duplicate 
(If required in lieu 
of MSD) 

One sample 
duplicate per 
twenty samples 

RPD <20 (1) If lab QC in criteria and matrix 
interference suspected, flag data 
(2) Else, reanalyze 

 Demonstration of 
analyst 
proficiency; 
accuracy and 
precision 

One time per 
analyst initially 
and annually 
thereafter 

Must pass all 
applicable QC for 
method 

Repeat analysis until able to 
perform passing QC; document 
successful performance in personal 
training file 

 MDL study Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit 
and Reporting Limit Studies and Verifications”, current revision. 
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS 
 

Topic Katahdin SOP CA-316-10 
 

Method 8015, current revision  

Apparatus/Materials 
 
 

  

Reagents 
 
 

  

Sample preservation/ 
handling 
 

  

Procedures 7.3.1 Gasoline Range Organics (GRO):  All 
chromatographic peaks eluting from methyl-
tert-butylether through naphthalene, inclusive. 
(modify for non-South Carolina clients 
only) 
 

7.4.2 Two specific gasoline components are 
used to establish the range, 2-
methylpentane and 1,2,4-trimethylbenzene. 

Procedures 7.4.1 A gasoline component standard is 
analyzed instead of a commercial fuel 
standard. 
(modify for non-South Carolina clients 
only). 
 

7.3.3  …use recently purchased 
commercially available fuel 

QC  Method Blank 
 
 

 
 
 

 
 

QC  Accuracy/Precision 
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TABLE 3 
 

PURGE-AND-TRAP OPERATING PARAMETERS 
 

RECOMMENDED CONDITIONS FOR SUGGESTED TRAP  

Purge gas Nitrogen or Helium 

Purge gas flow rate (mL/min) 40 

Purge time (min) 11.0 + 0.1 

Purge temperature (°C) 40°C or less 

Desorb temperature (°C) 250°C 
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TABLE 4 
 

GASOLINE STANDARD COMPONENTS AND CONCENTRATIONS 
 

COMPONENT CONCENTRATION, ug/mL 

Methyl-tert-butylether (MTBE) 1000 

Benzene 1000 

Toluene 1000 

Ethylbenzene 1000 

m-Xylene 1000 

p-Xylene 1000 

o-Xylene 1000 

1,2,4-Trimethylbenzene 1000 

1,3,5-Trimethylbenzene 1000 

Naphthalene 1000 

TOTAL 10,000 

 
 
 

TABLE 5 
 

PQLs 
 

Analyte Water Soil 
 ug/L mg/Kg 

GRO 10 2.5 
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FIGURE 1 
 

GC SOIL PREP LOGBOOK  
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FIGURE 2 
 

INSTRUMENT RUNLOG PAGE 

 
 
 
 
 
 
 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-316-10 
STANDARD OPERATING PROCEDURE Date Issued: 03/12 
 Page 35 of 35 
  
 
TITLE: METHOD FOR DETERMINING VOLATILE PETROLEUM HYDROCARBONS or 

GASOLINE RANGE ORGANICS (GRO) BY METHOD 8015 (WITH OR WITHOUT 
MODIFICATIONS) 

  
 

FIGURE 3 
 

PRIMARY REVIEW CHECKLIST 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe procedures utilized by Katahdin Analytical personnel 
in the preparation of all non-CLP aqueous samples for analysis of extractable semivolatile 
organic compounds.    

 
The goal of this procedure is to ensure uniformity involving the preparation of samples for 
subsequent SVOA analysis by GC/MS. This SOP is applicable to EPA Methods 3510 
(modified separatory funnel extraction) and 3520 (continuous liquid-liquid extraction), current 
revisions.   
 

 1.1 Definitions 
 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to determine 
if method analytes or other interferences are present in the laboratory environment, the 
reagents, or the apparatus.  For aqueous samples, reagent water is used as a blank 
matrix; for soil samples, baked organic-free sand is used as a blank matrix.  The blank is 
taken through the appropriate steps of the process. 

 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source, and is analyzed exactly like a sample.  Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements.  The matrix used 
should be phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  Samples are split into duplicates, spiked and analyzed.  
Percent recoveries are calculated for each of the analytes detected.  The relative 
percent difference between the samples is calculated and used to assess analytical 
precision. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally found 
in environmental samples.  These compounds are spiked into all blanks, standards, 
samples and spiked samples prior to analysis.  Percent recoveries are calculated for 
each surrogate. 

 
 1.2 Responsibilities 
 

This method is restricted to use by, or under the supervision of analysts experienced in 
the extraction of samples for semivolatile analysis. Each analyst must demonstrate and 
document their ability to generate acceptable results with this method. Refer to Katahdin 
SOP QA-805, current revision, “Personnel Training & Documentation of Capability”. 
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  It is the responsibility of all Katahdin technical personnel involved in the extraction of 

samples for semivolatile analysis to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook. Any deviations from the test or irregularities with the samples should also be 
recorded in the lab notebook and reported to the Department Manager or designated 
qualified data reviewer responsible for this data. 

 
  It is the responsibility of the Department Manager to oversee that members of their 

department follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
 1.3 Safety 
 

Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this 
method has not been precisely defined; however, each chemical should be treated 
as a potential health hazard. A reference file of material safety data sheets is 
available to all personnel involved in the chemical analysis. Everyone involved with 
the procedure must be familiar with the MSDS’s for all the materials used in this 
procedure. 
  
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and lab 
coats when working with chemicals or near an instrument and not taking food or drink 
into the laboratory. Each analyst should know the location of all safety equipment. Each 
analyst shall receive a safety orientation from their Department Manager, or designee, 
appropriate for the job functions they will perform.  
  

1.4     Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention techniques 
to address their waste generation.  Refer to the current revision of the Katahdin 
Hazardous Waste Management Plan for further details on pollution prevention 
techniques. 
 
Wastes generated during the preparation of samples must be disposed of in 
accordance with the Katahdin Hazardous Waste Management Plan and Safety 
Manual and SOP SD-903, “Sample Disposal,” current revision. Expired standards 
are lab packed, placed in the Katahdin hazardous waste storage area, and disposed 
of in accordance with this SOP. 
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Any methylene chloride solvent waste generated during the rinsing of glassware, 
disassembly of CLLEs after extraction, etc. should be disposed of in the “D” waste 
stream satellite accumulation area nearest the point of generation.  Acetone and 
methanol are considered flammable waste, and should be disposed of in the “O” 
waste stream satellite accumulation area nearest the point of generation.  Post-
extraction aqueous samples are considered either N-Hi or N-Low waste and should 
be disposed of in the corresponding satellite waste accumulation area nearest the 
point of generation.  Sodium sulfate used for sample drying should be disposed of in 
the soil with organics “I” waste stream satellite accumulation area nearest the point of 
generation.  Please refer to the current revision of SOP CA-107 for the location of 
satellite waste accumulation areas.   

   
 
2.0 SUMMARY OF METHOD 
 

For aqueous samples extracted by CLLE, a one liter aliquot of sample is adjusted to pH < 2 
and extracted with methylene chloride using a continuous liquid-liquid extractor.  The pH is 
then adjusted to pH > 11 and the sample is extracted again with methylene chloride.  A 
modified separatory funnel extraction may also be used.  If this procedure is used, the sample 
aliquot is first adjusted to pH > 11 and then to pH < 2.  The methylene chloride extract is dried 
and concentrated to a volume of 1.0 mL.  

   
 
3.0 INTERFERENCES 
 

Solvents, reagents, glassware, and other sample preparation apparatus may yield 
interferences to GC/MS analysis due to the presence of contaminants. These contaminants 
can lead to discrete artifacts or elevated baselines in the total ion current profiles (TICPs). 
Routinely, all of these materials must be demonstrated to be free from interferences under the 
conditions of the analysis by running reagent blanks. Interferences caused by phthalate 
esters can pose a major problem in semivolatile analysis. Common flexible plastics contain 
varying amounts of phthalates that are easily extracted during laboratory operations, so cross-
contamination of glassware frequently occurs when plastics are handled. Interferences from 
phthalates can best be minimized by avoiding the use of such plastics in the laboratory. At no 
time may gloves that have not been tested for phthalates or gloves known to contain 
phthalates be used or stored in the organic extraction lab. Additionally, whenever possible 
plastic items in this lab must be replaced with metal or teflon or other non-phthalate plastic 
substitute. 

   
Special care should be taken to ensure that clean glassware and apparatus are used and 
pre-rinsed with the appropriate solvent prior to use. Solvents should be analyzed prior to 
use to demonstrate that each lot is free of contaminants that may interfere with the 
analysis. 
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 Interferences coextracted from the samples will vary considerably from source to source. If 

analysis of an extracted sample is prevented due to inteferences, further cleanup of the 
sample extract may be needed to minimize interferences.  

   
 
4.0 APPARATUS AND MATERIALS 
 
 Brand names and catalog numbers are included for illustration purposes only. 
 

4.1 Continuous liquid-liquid extractors - including body, 500 mL round bottom flask and 
Alhin condensers and equipped with Teflon or glass connecting joints requiring no 
lubrication (Hershberg-Wolf Extractor, Ace Glass Company, Vineland, NJ, P/N 6841-
10 or equivalent). 

 
4.2 Glass powder funnels. 

 
4.3 Fluted filter paper, 18.5cm diameter.   
 
4.4 Concentrator tube - Kuderna-Danish, 10 mL, graduated (Kontes K-570050-1025 or 

equivalent). Calibration must be checked at the volumes employed in the test.   
  
4.5 Evaporation flask - Kuderna-Danish, 500 mL (Kontes K-570001-0500 or equivalent).  

Attach to concentrator tube with neck clips.   
 
4.6 Snyder column - Kuderna-Danish, three- or four-ball macro (Kontes K-503000-0121 or 

equivalent).   
 

4.7 Syringe - gas tight, 1.0 mL, solvent rinsed between each use. 
 
4.8 Vials - Glass, 1.8  mL capacity, with polytetrafluoroethylene (PTFE)-lined screw top 

and 12 mL with Teflon-lined caps.  
 
4.9 2 L separatory funnel, equipped with Teflon stopper and stopcock; Nalgene Teflon 

FEP separatory funnels may also be used. 
 
4.10 Organic Free Boiling Chips - approximately 10/40 mesh, Teflon or silicon carbide (or 

equivalent). Cleaned by Soxhlet for 18 hours. 
 
4.11 Water bath - heated, with concentric ring cover, capable of temperature control 

(± 20°C).  The bath should be used in a hood.   
 
4.12 Nitrogen evaporation apparatus. 

 
4.13 Wide range pH test strips, pH 0-14, Whatman CF Type. 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-502-08 
STANDARD OPERATING PROCEDURE Date Issued: 05/13 
 Page 8 of 24 
 
   
 
TITLE: PREPARATION OF AQUEOUS SAMPLES FOR EXTRACTABLE SEMIVOLATILE 

ANALYSIS 
  
 

4.14 Glass rods for stirring samples. 
 

4.15 Amber bottles or other appropriate containers for collection of extracts from separatory 
funnel extraction. 

 
4.16 5 ¾” Pasteur pipets. 

 
4.17 Narrow range pH test strips, pH 0 to 2.5 pH, EMD ColorpHast or equivalent. 

 
4.18 Narrow range pH test strips, pH 11 to 13 pH, EMD ColorpHast or equivalent. 

   
 
5.0 REAGENTS 

 
All reagent and solvent lots must be checked for possible contamination.  Refer to the current 
version of Katahdin SOP CA-105, Reagent and Solvent Handling, for further details. The 
extraction staff is responsible for submitting samples to the GC or GC/MS sections for 
appropriate analysis. All information concerning preparation of the reagent/solvent lot sample 
will be recorded in the Organic Extraction Log (Figure 1) and acceptance or rejection of these 
lots must be recorded in the solvent/reagent lot check logbook (Figure 2). All reagents and 
solvents must be free (<PQL) of any target compounds. 

 
5.1 Laboratory Reagent Grade Water - defined as water in which an interferent is not 

observed at or above the PQL of each parameter of interest. Deionized water filtered 
through activated charcoal.   

 
5.2 Sodium sulfate - (ACS reagent grade) granular, anhydrous, certified by the 

manufacturer/vendor as purified. 
 
5.3 Sulfuric acid solution (1:1 H2SO4 : H2O) – Prepared in an icebath by slowly adding a 

volume of concentrated H2SO4 to an equivalent volume of reagent water and swirl 
gently to mix.  Caution should be taken when adding the acid to the water as the 
reaction is highly exothermic. 

 
5.4 Acetone, methanol, methylene chloride - pesticide residue analysis grade or 

equivalent, evaluated prior to use by concentration of 200 mLs to 1.0 mL followed by 
GC and/or GC/MS analysis.   

 
5.5 Standard Preparation - For all standard preparations, see current revision of the 

following Katahdin Analytical SOPs: 
 

• "Standards Preparation, Documentation and Traceability”, (CA-106, current 
revision) 
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• "Balance Calibration," (CA-102, current revision) 
 

5.5.1. Base/Neutral and Acid (SVOA) Surrogate Spiking Solution - Surrogate 
standards are added to all samples and calibration solutions.  Prepare a 
surrogate standard spiking solution that contains the following compounds at 
the indicated concentrations in acetone. 

 
Compound Conc.  
phenol-d6 100 ug/mL 
2,4,6-tribromophenol 100 ug/mL 
2-fluorophenol 100 ug/mL 
nitrobenzene-d5 50 ug/mL 
p-terphenyl-d14 50 ug/mL 
2-fluorobiphenyl 50 ug/mL 

 
 Store the spiking solution at -10°C to -20°C in Teflon-sealed containers.  

These solutions must be replaced after six months, or sooner if comparison 
with quality control check samples indicates a problem.  If reanalysis of a 
method blank still indicates surrogates out of criteria, a new surrogate solution 
must be used. 

 
5.5.2 SIM Surrogate Spiking Solution- Surrogate Standards are added to all 

samples and calibration solutions.  Prepare a surrogate solution that 
contains the following compounds at a concentration of 2 ug/mL in acetone. 

 
Compound Conc. ug/mL 
Fluorene-d10 2.0 ug/mL 
2-Methylnaphthalene-d10 2.0 ug/mL 
Pyrene-d10.   2.0 ug/mL 
2,4-Dibromophenol 4.0 ug/mL 
1,4-Dioxane-d8 20 ug/mL 

 
Store the spiking solution at -10°C to -20°C in Teflon-sealed containers.  
These solutions must be replaced after six months, or sooner if comparison 
with quality control check samples indicates a problem.  If reanalysis of a 
method blank still indicates surrogates out of criteria, a new surrogate 
solution must be used. 

 
5.5.3 SVOA Matrix Spike/Lab Control Samples Spiking Solution - the matrix 

spike/LCS solution consists of the compounds listed in Figure 3. 
Prepare a spiking solution that contains each of the base/neutral compounds 
listed in Figure 3 at 50 ug/mL in methanol and the acid compounds at 
100 ug/mL in methanol.  Matrix spike/LCS standards are stored in the freezer 
(-10°C to -20°C) located in the storage area. 
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5.5.4 Base/Neutral/Acid (SIM) Matrix Spike/ Lab Control Sample Spike Solution for 
SIM-SVOA.  Prepare a spiking solution in methanol that contains the 
compounds listed in Figure 3 at a concentration of 2 ug/mL for base/neutrals 
and 4.0 ug/mL for acids.  Take out 1.0 mL of Base/Neutral and Acid Matrix 
Spike/Lab Control Spiking Solution for SVOA and dilute it to 25.0 mL of 
methanol.  Store the solution Spiking at -10°C to -20°C in Teflon-sealed 
containers.  These solutions must be replaced after six months or sooner if 
comparison with quality control check samples indicates a problem. 

 
5.5.5 Base/Neutral and Acid (SVOA) Appendix IX Lab Control Sample / Matrix Spike 

Spiking Solution – Prepare a spiking solution in methanol that contains the 
compounds listed in Figure 4 at concentrations of 100 ug/ml. Store the 
spiking solution at -10°C to -20°C in Teflon-sealed containers.  These solutions 
must be replaced after six months, or sooner if comparison with quality control 
check samples indicates a problem.  

 
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 
Continuous liquid-liquid (Method 3520) and/or separatory funnel (Method 3510) extractions for 
semivolatiles must be started within seven days of date of sample collection, although the  
analyst should be aware that actual holding times employed may be project/program specific. 
If sampling date is unknown, the hold time is counted from one day prior to date received. 

 
 
7.0 PROCEDURES 
 

The following information must be recorded in the extraction logbook. 
 
• Extraction method 
• Surrogate and spike IDs 
• Lot numbers of all solvents, acids and bases, sodium sulfate, filter paper 
• Nitrogen evaporation water bath temperature 
• Sample pH if applicable 
• Extraction and Concentration dates 
• Extraction and Concentration analyst 
• Sample ID or QC sample ID 
• Initial and final volumes or weight 
• Surrogate and spike amounts 
• Any sample cleanup preformed 
• Final extract tray location 
• Any comments regarding the sample extraction (ie. Emulsion) 
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• Prep batch start time and end time 
• CLLE start time and end time 
• Lot number of the vials the concentrated extracts are stored in. 

 
Follow the proper procedures for maintaining Internal Chain of Custodies for samples when 
removing and replacing samples in storage locations. This procedure is described in KAS 
SOP SD-902, “Sample Receipt and Internal Control”, current revision. 

 
7.1   CONTINUOUS LIQUID-LIQUID EXTRACTION (Method 3520) 

 
7.1.1 Set up the CLLE apparatus. All glassware should be pre-rinsed three times 

with methylene chloride in order to eliminate any contamination factors. 
 

7.1.2 Add approximately 500 - 600 mL of methylene chloride to the CLLE body.  
Label each flask with the following: sample number (or QC identification 
number), analyte (SVOA), extraction method (CLLE), and extraction date. 

 
7.1.3 A method blank and a laboratory control sample (LCS) must be prepared for 

each daily extraction batch of twenty samples or fewer (if a work order 
consists of more than twenty samples, a new batch must be started on a 
separate page with its own method blank and LCS).  To prepare method 
blank and LCS, add 1 L reagent water to a CLLE body.  Be sure that no 
water leaks into the round bottom flask. If combined SIM-SVOA analysis is 
requested, a separate LCS must be prepared for each analysis.  This blank 
and LCS are carried through the entire extraction and analytical procedure. 

 
7.1.4 Measure the initial volume by comparing the meniscus of the sample with 

the reference bottle of the same bottle type.  Please refer to SOP CA-108, 
“Basic Laboratory Technique”, for the reference bottle verification procedure. 
Record the volume and any notable characteristics (e.g. color, presence of 
sediment, or odor) in the extraction logbook.  

 
7.1.5 Transfer the sample to a CLLE body slowly, being sure that no water leaks 

into the round bottom flask. 
 

7.1.6 If the batch requires a MS/MSD, transfer two 1 L portions of the sample 
selected/designated for MS/MSD to CLLE bodies for preparation of a matrix 
spike/matrix spike duplicate if required. If combined SIM-SVOA analysis is 
requested, a separate MS/MSD must be prepared for each analysis.  If extra 
MS/MSD aliquots of sample are unavailable a laboratory control sample 
duplicate (LCSD) may be substituted. 
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7.1.7 Check the pH of each sample with wide range pH paper by removing a 
couple of sample drops with a clean disposable pipet or on the tip of a 
stirring rod.  Adjust the pH of the samples (including method blank, 
LCS/LCSD, and MS/MSD) to < pH 2 with 1:1 H2SO4 after addition of 
surrogates and spikes and prior to attaching Allihn condensers (Step 7.1.11).  
Stir with a glass stirring rod and check pH by tapping the glassrod onto wide 
range pH paper.  The pH must be ≤ 2.  If the pH test strip does not clearly 
indicate the pH is less than 2, narrow range pH paper must be used. 

 
7.1.8 For each sample, rinse the original sample container with approximately 30 

mL of methylene chloride. Add this rinse to the CLLE body. 
 

7.1.9 To all samples, method blank, LCS/LCSD, and MS/MSD add 1.0 mL 
base/neutral and acid (SVOA) surrogate spiking solution using a 1.0 mL or 
2.5 mL gas tight syringe.  Record surrogate spike volume and identification 
code in extraction logbook.  Thoroughly rinse syringe with acetone before 
and after each use. 

 
7.1.9.1 If the request is for SVOA, use the SVOA Surrogate Solution (sect. 

5.5.1).  
 
7.1.9.2 If the request is for SIM, use the SIM surrogate solution (sect. 5.5.2). 
 
7.1.9.3 If the request is for SIM-SVOA, use the SIM surrogate solution as 

well as SVOA surrogate solution. NOTE: Separate LCS/LCSD and/or 
MS/MSD are needed for each analysis and should be spiked with the 
appropriate surrogate. 

 
7.1.10 To LCS/LCSD and MS/MSD add 1.0 mL base/neutral and acid (SVOA) 

matrix spike/LCS spiking solution using a 1.0 mL or 2.5 mL gas tight syringe.  
Record matrix spike/LCS spiking solution volume and identification code in 
extraction logbook.  Thoroughly rinse syringe with methanol before and after 
each use. 

 
7.1.10.1 If the request is for SVOA - add 1.0 mL of  SVOA Matrix Spike/Lab 

Control Samples Spiking Solution (sect 5.5.3). 
 
7.1.10.2 If the request is for SIM - add 1.0 mL of  SVOA Matrix Spike/Lab 

Control Samples Spiking Solution (sect 5.5.3) and add 1.0 mL of 
Base/Neutral/Acid (SIM) Matrix Spike/ Lab Control Sample Spike 
Solution (sect 5.5.4). 

 
7.1.10.3 If the request is for SVOA Appendix IX, use the SVOA Appendix IX 

Spiking solution as well as the SVOA spiking solution -add 1.0 mL of  



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-502-08 
STANDARD OPERATING PROCEDURE Date Issued: 05/13 
 Page 13 of 24 
 
   
 
TITLE: PREPARATION OF AQUEOUS SAMPLES FOR EXTRACTABLE SEMIVOLATILE 

ANALYSIS 
  
 

SVOA Matrix Spike/Lab Control Samples Spiking Solution (sect 5.5.3) 
and add 1.0 mL of Base/Neutral and Acid (SVOA) Appendix IX Lab 
Control Sample / Matrix Spike Spiking Solution (sect 5.5.5). 

 
7.1.11 Attach cooling water Allihn condensers, after first rinsing each 45/50 joint 

with methylene chloride.  Turn on the heating mantles and allow the samples 
to extract for 18 to 24 hours. Turn off the mantles and let samples cool. 

 
7.1.12 Detach condensers and verify that the pH is still < 2 in the same manner 

mentioned in 7.1.6.  If the pH has changed, more acid should be added to 
make the pH < 2 and the sample extracted for several more hours.   

 
7.1.13 Upon completion of acid extraction, allow the sample to cool.  Detach 

condensers and add enough 10N NaOH to adjust the pH to > 11 with 
stirring. Use glass stirring rods to stir and check the pH of each sample in 
the same manner mentioned in 7.1.6. 

 
7.1.14 Re-attach Allihn condensers, turn on heating mantles, and allow samples to 

extract for 18 to 24 hours.  Turn off mantles and allow samples to cool.  
 

7.1.15 Detach condensers and verify that the pH is still > 11 in the same manner 
mentioned in 7.1.6.  If the pH has changed, more NaOH should be added to 
make the pH > 11 and the sample extracted for several more hours.   

 
7.1.16 Once samples are cool to the touch, the CLLE apparatus can be 

disassembled. The round bottom flask is removed, covered foil and placed in 
the interim extract refrigerator.  The remaining sample in the CLLE body is 
poured in the “N-Hi” satellite. 

 
7.1.17 Proceed to Step 7.3 for sample extract concentration procedures. 
 

7.2   SEPARATORY FUNNEL EXTRACTION (Modified Method 3510) 
 

 If an emulsion prevents acceptable recovery or client history indicates samples may 
demonstrate matrix interference, then samples should be extracted by continuous 
liquid-liquid extraction (CLLE). 

 
 7.2.1 Rinse all glassware, including teflon separatory funnels, three times with 

methylene chloride prior to use. 
 
 7.2.2 Label 2 L separatory funnels and amber collection bottles clearly. Each label 

should include: sample number (or QC indicator number), analyte (SVOA), 
matrix (Aq), extraction date. 
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7.2.3 A method blank and a laboratory control sample (LCS) must be prepared for 
every 20 samples or with each extraction batch, whichever is more frequent.  
To prepare method blank and LCS, add 1 L reagent water to a separatory 
funnel.  If combined SIM-SVOA analysis is requested, a separate LCS must 
be prepared for each analysis.  This blank and LCS are carried through the 
entire extraction and analytical procedure. 

 
7.2.4 Measure the initial volume by comparing the meniscus of the sample with 

the reference bottle of the same bottle type.  Please refer to SOP CA-108, 
“Basic Laboratory Technique”, for the reference bottle verification procedure. 
Record the volume and any notable characteristics (e.g. color, presence of 
sediment, or odor) in the extraction logbook.  

 
 7.2.5 If the batch requires a MS/MSD, transfer two 1 L portions of the sample 

selected/designated for MS/MSD to separatory funnels for preparation of a 
matrix spike/matrix spike duplicate if required. If combined SIM-SVOA 
analysis is requested, a separate MS/MSD must be prepared for each 
analysis.  If extra MS/MSD aliquots of sample are unavailable, a laboratory 
control sample duplicate (LCSD) may be substituted. 

 
7.2.6 To all samples, method blank, LCS/LCSD, and MS/MSD add 1.0 mL 

base/neutral and acid (SVOA) surrogate spiking solution using a 1.0 mL or 
2.5 mL gas tight syringe.  Record surrogate spike volume and identification 
code in extraction logbook.  Thoroughly rinse syringe with acetone before 
and after each use. 

 
7.2.6.1 If the request is for SVOA, use the SVOA Surrogate Solution.  

 
7.2.6.2 If the request is for SIM, use the SIM Surrogate Solution. 
 
7.2.6.3 If the request is for SIM-SVOA, use the SIM surrogate solution as 

well as SVOA surrogate solution.  NOTE: Separate LCS/LCSD 
and/or MS/MSD are needed for each analysis and should be spiked 
with the appropriate surrogate. 

 
7.2.7 To LCS/LCSD and MS/MSD add 1.0 mL base/neutral and acid (SVOA) 

matrix spike/LCS spiking solution using a 1.0 mL or 2.5 mL gas tight syringe.  
Record matrix spike/LCS spiking solution volume and identification code in 
the extraction logbook.  Thoroughly rinse syringe with methanol before and 
after each use. 

 
7.2.7.1 If the request is for SVOA, use the SVOA Spiking Solution. 
 
7.2.7.2 If the request is for SIM, use the SIM Spiking solution. 
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7.2.7.3 If the request is for SVOA Appendix IX, use the SVOA Appendix IX 
Spiking solution as well as the SVOA spiking solution 

 
7.2.8 For each sample, rinse the original sample container with 60 mL of 

methylene chloride. Add this rinse to the separatory funnel. 
 

7.2.9 Adjust the pH of the samples (including method blank, LCS/LCSD, and 
MS/MSD) to pH > 11 with 10N NaOH after addition of surrogates and spikes.  
Stir with a glass stirring rod and check pH by tapping the glass stirring rod 
onto wide range pH paper.  The pH must be > 11.  If the pH test strip does 
not clearly indicate the pH is greater than 11, narrow range pH paper must 
be used. 

 
7.2.10 Add 60 mL of methylene chloride directly to the method blank and 

LCS/LCSD separatory funnels. 
 
7.2.11 Extract the samples by shaking the funnel for two minutes, venting often, but 

gently, in a hood to release pressure. A mechanical shaker may be used, 
where samples are shaken for 3 minutes.  Following each shake, allow 
phases to separate. Drain the methylene chloride layer into an amber 
collection bottle. 

 
7.2.12 If an emulsion forms, mechanical techniques must be employed to achieve 

maximum separation. Such means include swirling, centrifugation, and 
draining through a small separatory funnel. In certain instances, transferring 
the entire sample into a continuous liquid-liquid extractor (CLLE) may be the 
only alternative. If any such techniques are used, they must be noted in the 
extractions logbook, and the batch transferred to a CLLE batch with its own 
batch ID.   

 
7.2.13 Add a second 60 mL aliquot of methylene chloride to the separatory funnel 

and extract for the second time (see 7.2.12 – 7.2.13). Collect the methylene 
chloride layer in the same amber collection bottle. 

 
7.2.14 Repeat the extraction for a third time as described in 7.2.14. 
 
7.2.15 Following the third shake, using a glass stirring rod, check the pH to ensure 

that it has remained at  > 11.  If the pH has changed back to neutral range, it 
must be readjusted to > 11 and the sample must be extracted at least one 
more time, adding the methylene chloride to the same amber bottle, that was 
previously used.  If the pH has remained at a value > 11, the pH is then 
adjusted to ≤ 2 with 1:1 H2SO4.  Add enough 1:1 H2SO4 to adjust the pH to ≤ 
2 with stirring.  Use glass stirring rods to stir. 
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7.2.16 Add 60 mL methylene chloride and extract the samples three times in the 
same manner described in 7.2.11 – 7.2.13.  Collect the methylene chloride 
layer in the same amber collection bottle used to collect the acid fraction. 

 
7.2.17 Sample waste should be poured into the “n-lo” satellite. 
 
7.2.18 Proceed to Section 7.3 for extract concentration procedures. 
 

7.3 CONCENTRATING THE EXTRACTS 
 

7.3.1 For Methods 3510 and 3520, the combined fractions are concentrated to a 
final volume of 1.0 mL.  

 
7.3.2 Rinse the K-D glassware (flask, concentration tube, and snyder column, 

including the ground glass joints on the flask and columns) three times with 
methylene chloride.  Add two boiling chips to the K-D prior to final rinse.  
Also rinse the assembled funnels, filter paper, and granular sodium sulfate 
used for drying the extracts. 

 
7.3.3 Transfer the methylene chloride extract to a K-D concentrator setup through 

a short stem funnel filled with 1-2 inches of sodium sulfate in filter paper.  
This is the drying step, which is required to remove residual water from the 
extracts.  Any large water layers must be removed by other means, prior to 
pouring through the sodium sulfate. After pouring all of the extract volume 
through the sodium sulfate, rinse the extract flask three times with ~ 2 – 3 
mls of methylene chloride.  Add the rinsings through the sodium sulfate to 
complete a quantitative transfer.  Rinse the sodium sulfate with ~ 15 mls of 
methylene chloride and allow to drain 

 
7.3.4 Transfer the label from the collection bottle or round bottom flask (for CLLE) 

to a K-D. Remove the funnel and attach a 3- or 4-ball macro Snyder column. 
Pre-wet the Snyder column with 1 mL of methylene chloride. 

 
7.3.5 Place the K-D in a hot water bath (75-85°C). Gently swirl K-D in the water 

until boiling begins. At the proper distillation rate, the Snyder balls should 
chatter but the chambers should not flood with condensed solvent. The K-D 
should be kept in a vertical orientation while on the bath.  When the apparent 
volume in the concentrator tube reaches ≈ 6 mL, remove the K-D from the 
water bath. Allow the K-D to cool for 10 minutes. Rinse the Snyder column 
lower joint with ≈ 1 mL of methylene chloride. Remove the Snyder column. 
Wipe off any water from the neck above the lower joint of the flask. Separate 
the K-D flask from the concentrator tube, rinsing the ground glass joint with ≈ 
1 mL methylene chloride.  
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7.3.6 Reduce the methylene chloride extract in the concentrator tube to 
approximately 1 mL using the nitrogen blow-down apparatus. The bath 
temperature must be no higher than the boiling point of the solvent (39°C for 
methylene chloride). Turn the gas to 3 psi. Be careful not to splash the 
extract out of the tube. During concentration on the N-evap, the internal wall 
of the concentrator tube and the N-evap sparging pipet must be rinsed down 
at least once or twice with ≈1 mL of methylene chloride. The solvent level in 
the concentrator tube must be positioned below the level of the water bath 
as much as possible to prevent water from condensing into the sample 
extract. As the extract volume is reduced, lower the N2 sparging pipet closer 
to the surface of the extract to expedite the concentration. Note any 
problems or extract losses, if they occur, in the extractions logbook. 

 
7.3.7 Reduce each extract to slightly less than 1 mL and then, using a 5 ¾” 

pasteur pipet, transfer the final extract and label to a 1.8 mL vial with PTFE-
lined cap. 

 
7.3.8 If at any time during the concentration process the concentrator tube goes 

dry, reextraction must occur immediately. 
 
7.3.9 Transfer all of the extract to a 1.8 mL screw cap vial.  Using methylene 

chloride, adjust the final volume of each extract to 1 mL by comparison to an 
appropriate reference vial.   

 
Store in refrigerator until GC/MS analysis. 

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

A method blank must be extracted for each and every item listed below: 
 
- Each sample matrix (soil, water) 
- Each day of extraction (24 hours midnight - midnight) 
- Each extraction method or level 
- Every 20 samples extracted in a 24-hour period 
 
A laboratory control sample (LCS) is required for each and every item listed below: 
- Each sample matrix 
- Each extraction method or level 
- Every extraction batch of twenty or fewer samples 
 
Refer to the current revision of the applicable Katahdin SOP for analysis of semivolatiles for 
quality control acceptance criteria. 
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9.0 METHOD PERFORMANCE 
 
 Refer to the applicable analytical SOP. 
   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 

 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, USEPA SW846, 3rd 
Edition, Final Updates I, II, IIA, IIB, III, IIIA, IIIB and IV, February 2007, Methods 3510 and 
3520, current revisions. 

   
 
LIST OF TABLES AND FIGURES 
 
Table 1 Summary of Method Modifications 
Figure 1 Example of Semivolatiles Logbook Page 
Figure 2 Example of Solvent/Reagent Lot Check Logbook Page 
Figure 3 LCS/Matrix Spike Component List 
Figure 4 Appendix Ix LCS/Matrix Spike Component List 
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TABLE 1 
 

SUMMARY OF METHOD MODIFICATIONS (METHOD 3510, current revision) 
 

TOPIC KATAHDIN SOP CA-502-08 METHOD 3510, current revision 
Apparatus/Materials 
 
 

1)  250 mL amber bottle or flask  
2)  1.0 mL syringe 
3)  short stem funnels 

1)  250 mL Erlenmeyer flask 
2)  5.0 mL syringe 
3)  drying columns 

Reagents 
 

  

Sample preservation/ 
handling 

  

Procedures 
 
 
 

1) extract collection in amber bottle or 
Erlenmeyer flask 

2) Add surrogate/spike to sample in CLLE 
3) Extract for 3 minutes on mechanical 

shaker 
4) extract three times at pH > 11, then 

extract three times at pH ≤ 2.  
5) extract dried using Na2SO4 in short stem 

funnels 
6)  Rinse the extract flask three times with 

~ 2 – 3 mLs of methylene chloride then 
rinse the sodium sulfate with ~ 15 mLs 
of methylene chloride to complete a 
quantitative transfer 

7) water bath temp 75-85 deg C 
8) no apparatus height specification for 

concentration on water bath 
9) sample removed from water bath when 

volume reaches ~6 mL 
10) N bath temp no higher than 39 deg C 
 

1) extract collection in Erlenmeyer flask 
2) Add surrogate/spike directly to sample 

bottle 
3) Extract by shaking vigorously for 1 - 2 

minutes with periodic venting  
4) extract three times at pH ≤ 2, then 

extract three times at pH > 11.  
5) extract dried using Na2SO4 in drying 

columns 
6) Rinse the Erlenmeyer flask, which 

contained the solvent extract, with 20 - 
30 mL of methylene chloride to 
complete the quantitative transfer 

7) water bath temp 15-20 deg C above 
solvent boiling temp 

8) partially immerse concentrator tube in 
water and lower apparatus to complete 
concentration in 10-20 min 

9) sample removed from water bath when 
volume reaches 1 mL 

10)  N bath temp 35 deg C 
QC - Spikes 
 
 
 

1) Acid surrogate and spike components 
at 100 ug/mL;  base/neutral surrogate 
and spike components at 50 ug/mL 

 

1) Acid surrogate and spike components 
at 200 ug/mL;  base/neutral surrogate 
and spike components at 100 ug/mL 

QC - LCS 
 

1) Acid surrogate and spike components 
at 100 ug/mL;  base/neutral surrogate 
and spike components at 50 ug/mL 

1) Acid surrogate and spike components 
at 200 ug/mL;  base/neutral surrogate 
and spike components at 100 ug/mL 
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TABLE 1, continued 
 

SUMMARY OF METHOD MODIFICATIONS (METHOD 3520, current revision) 
 

TOPIC KATAHDIN SOP CA-502-08 METHOD 3520, current revision 
Apparatus/Materials 1)  short stem funnels 1)  drying columns 
Reagents 
 

  

Sample preservation/ 
handling 

  

Procedures 
 
 
 

1) Add surrogate/spike to sample in CLLE 
2) Add approximately 500 - 600 mL of 

methylene chloride to the CLLE body 
3) CLLE for 22 ± 2 hours  
4) Extract dried using Na2SO4 in short 

stem funnels 
5) Rinse the extract flask three times with 

~ 2 – 3 mLs of methylene chloride then 
rinse the sodium sulfate with ~ 15 mLs 
of methylene chloride to complete a 
quantitative transfer 

6) water bath temp 75-85 deg C 
7) no apparatus height specification for 

concentration on water bath 
8) sample removed from water bath when 

volume reaches ~6 mL 
9) N bath temp no higher than 39 deg C 

1) Add surrogate/spike directly to sample 
bottle  

2) Add 300 - 500 mL of methylene 
chloride to the distilling flask of the 
extractor 

3) CLLE for 18 - 24 hours 
4) Extract dried using Na2SO4 in drying 

columns 
5) Rinse the Erlenmeyer flask, which 

contained the solvent extract, with 20 - 
30 mL of methylene chloride to 
complete the quantitative transfer 

6) water bath temp 15-20 deg C above 
solvent boiling temp 

7) partially immerse concentrator tube in 
water and lower apparatus to complete 
concentration in 10-20 min 

8) sample removed from water bath when 
volume reaches 1 mL 

9) N bath temp 35 deg C 
QC - Spikes 
 

1) Acid surrogate and spike components 
at 100 ug/mL;  base/neutral surrogate 
and spike components at 50 ug/mL 

1) Acid surrogate and spike components 
at 200 ug/mL;  base/neutral surrogate 
and spike components at 100 ug/mL 

QC - LCS 
 
 
 

1) Acid surrogate and spike components 
at 100 ug/mL;  base/neutral surrogate 
and spike components at 50 ug/mL 

1) Acid surrogate and spike components 
at 200 ug/mL;  base/neutral surrogate 
and spike components at 100 ug/mL 
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FIGURE 1 
 

EXAMPLE OF SEMIVOLATILES LOGBOOK PAGE 
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FIGURE 2 
 

SOLVENT/REAGENT LOT CHECK LOGBOOK 
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FIGURE 3 
 

LCS/MATRIX SPIKE COMPONENT LIST 
 

BASE/NEUTRALS 
1-Methylnaphthalene Bis (2-chloroethoxy) methane 
1,1-Biphenyl Bis (2-chloroethyl) ether 
1,2,4-Trichlorobenzene Bis (2-Chloroisopropyl) ether) 
1,2-Dichlorobenzene Bis(2-Ethylhexyl)adipate 
1,3-Dichlorobenzene Bis (2-ethylhexyl) phthalate 
1,4-Dichlorobenzene Butylbenzyl phthalate 
1,4-Dioxane Caprolactam 
2,4-Dinitrotoluene Carbazole 
2,6-Dinitrotoluene Chrysene 
2-Chloronaphthalene Dibenz (a, h) anthracene 
2-Methylnaphthalene Dibenzofuran 
2-Nitroaniline Diethyl phthalate 
3,3'-Dichlorobenzidine Diethyl adipate 
3-Nitroaniline Dimethyl phthalate 
4-Bromophenylphenyl ether Di-n-butylphthalate 
4-Chloroaniline Di-n-octyl phthalate 
4-Chlorophenylphenyl ether Fluoranthene 
4-Nitroaniline Fluorene 
Acenaphthene Hexachlorobenzene 
Acenaphthylene Hexachlorobutadiene 
Acetophenone Hexachlorocyclopentadiene 
Aniline Hexachloroethane 
Anthracene Indeno (1,2,3-cd) pyrene 
Atrazine Isophorone 
Azobenzene Naphthalene 
Benzaldehyde Nitrobenzene 
Benzidine N-Nitrosodimethylamine 
Benzo (a) Anthracene N-Nitroso-di-n-propylamine 
Benzo (a) pyrene N-Nitrosodiphenylamine 
Benzo (b) fluoranthene Phenanthrene 
Benzo (ghi) perylene p-toluidine 
Benzo (k) fluoranthene Pyrene 
Benzyl alcohol Pyridine 

 
ACIDS 

2, 3, 4, 6-Tetrachlorophenol 2-Chlorophenol Benzoic acid 
2,4,5-Trichlorophenol 2-Methylphenol Ethyl methanesulfonate 
2,4,6-Trichlorophenol 2-Nitrophenol Methyl methanesulfonate 
2,4-Dichlorophenol 4,6-Dinitro-2-methylphenol Pentachlorophenol 
2,4-Dimethylphenol 4-Chloro-3-methylphenol Phenol 
2,4-Dinitrophenol 4-Methylphenol  
2,6-Dichlorophenol 4-Nitrophenol  
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FIGURE 4 
 

APPENDIX IX LCS/MATRIX SPIKE COMPONENT LIST 
 

1,2,4,5-Tetrachlorobenzene Hexachloropropene 
1,3,5-Trinitrobenzene Isodrin 
1,4-Naphthoquinone Isosafrole 
1-Chloronaphthalene Kepone 
1-Naphthylamine m-Dinitrobenzene 
2,4-D Methapyrilene 
2-Acetyl aminofluorene Methyl parathion 
2-Naphthylamine n-Nitrosodiethylamine 
2-Picoline n-Nitrosodi-n-butylamine 
3,3-Dimethylbenzidine n-Nitrosomethylethylamine 
3-Methylcholanthrene n-Nitrosomorpholine 
4-Aminobiphenyl n-Nitrosopyrrolidine 
4-Nitroquinoline-1-oxide n-Nitrotrosopiperidine 
5-Nitro-o-toluidine O,O,O-Triethyl phosphorothioate 
7,12-Dimethylbenz(a)anthracene o-Toluidine 
a,a-Dimethylphenethylamine Parathion 
Acetophenone p-Dimethylaminoazobenzene 
Aramite Pentachlorobenzene 
Chlorobenzilate Pentachloronitriobenzene 
Diallate Phenacetin 
Dibenz(a,j)acridine Phorate 
Dimethoate p-Phenylenediamine 
Dinoseb Pronamide 
Diphenylamine Safrole 
Disulfoton Silvex (2,4,5-TP) 
Famphur Sulfotep 
Hexachlorophene Thionazin 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedures and requirements for the preparation 
of solid samples for analysis of extractable semivolatile organic compounds.  This SOP is 
specifically applicable to EPA Method 3550B in accordance with SW-846 Method 8270, 
current revision.   

 
1.1 Definitions 

 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to 
determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus.  For aqueous samples, reagent water is 
used as a blank matrix; for soil samples, baked organic-free sand is used as a blank 
matrix.  The blank is taken through the appropriate steps of the process. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source, and is analyzed exactly like a sample.  Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements.  The matrix used 
should be phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  Samples are split into duplicates, spiked and analyzed.  
Percent recoveries are calculated for each of the analytes detected.  The relative 
percent difference between the samples is calculated and used to assess analytical 
precision. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally 
found in environmental samples.  These compounds are spiked into all blanks, 
standards, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced in 
the extraction of samples for semivolatile analysis. Each analyst must demonstrate and 
document their ability to generate acceptable results with this method. Refer to 
Katahdin SOP QA-805, current revision, “Personnel Training”. 
 
It is the responsibility of all Katahdin technical personnel involved in the extraction of 
samples for semivolatile analysis to read and understand this SOP, adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
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notebook. Any deviations from the test or irregularities with the samples should also be 
recorded in the lab notebook and reported to the Department Manager or designated 
qualified data reviewer responsible for this data. 
 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
indicate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs for all the materials used in this procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Plan and must follow appropriate procedures.  These include the use of appropriate 
personal protective equipment (PPE) such as safety glasses, gloves and lab coats 
when working with chemicals or near an instrument and not taking food or drink into the 
laboratory. Each analyst should know the location of all safety equipment. Each analyst 
shall receive a safety orientation from their Department Manager, or designee, 
appropriate for the job functions they will perform.  
 

1.4 Waste Disposal 
 
Wastes generated during the preparation of samples must be disposed of in 
accordance with the procedures described in the current revision of the Katahdin 
Analytical Environmental Health and Safety Manual and SOP SD-903, “Sample 
Disposal,” current revision. Expired standards are lab packed, placed in the 
Katahdin hazardous waste storage area, and disposed of in accordance with this 
SOP. 
 
Any methylene chloride solvent waste generated during the rinsing of glassware etc. 
should be disposed of in the “D” waste stream satellite accumulation area nearest 
the point of generation.  Acetone and methanol are considered flammable waste, 
and should be disposed of in the “O” waste stream satellite accumulation area 
nearest the point of generation.  Post-extraction soil samples and sodium sulfate 
waste should be disposed of in the soil with organics “I” waste stream satellite 
accumulation area nearest the point of generation.  Please refer to the current 
revision of SOP CA-107 for the location of satellite waste accumulation areas.  
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2.0 SUMMARY OF METHOD 
 
An approximate, greater than 30 gram portion of sediment/soil is mixed with anhydrous 
powdered sodium sulfate and extracted with 1:1 methylene chloride/acetone (v/v) using an 
ultrasonic probe. The methylene chloride extract is dried and concentrated to a volume of 
1.0 mL.   

   
 
3.0 INTERFERENCES 
 

Contaminants in solvents, reagents, glassware, and other sample processing hardware may 
cause method interferences such as discrete artifacts and/or elevated baselines in the total 
ion current profiles (TICPs). All of these materials routinely must be demonstrated to be free 
from interferences under the conditions of the analysis by running laboratory method blanks. 
Interferences caused by phthalate esters can pose a major problem in semivolatile organics 
analysis because many phthalates are also target analytes.  Common flexible plastics contain 
varying amounts of phthalates that are easily extracted during laboratory operations, so cross-
contamination of glassware frequently occurs when plastics are handled.  Interferences from 
phthalates can best be minimized by avoiding the use of such plastics in the laboratory. 
 
At no time may gloves that have not been tested for phthalates or gloves known to contain 
phthalates be used or stored in the organic extraction lab.  Additionally, whenever possible 
plastic items in this lab must be replaced with metal or Teflon or other non-phthalate plastic 
substitute. 

  
 Special care should be taken to ensure clean glassware and apparatus are used, pre-

rinsed with the appropriate solvent prior to use.  Solvents should be analyzed prior to use to 
demonstrate that each lot is free of contaminants that may interfere with the analysis.
Interferences coextracted from the samples will vary considerably from source to source.  If 
analysis of an extracted sample is prevented due to inteferences, further cleanup of the 
sample extract may be needed to minimize interferences.  

   
 
4.0 APPARATUS AND MATERIALS 
 
 Prior to use, all glassware must be rinsed three times with methylene chloride.  Brand 

names and catalog numbers are included below for illustration purposes only. 
  

4.1 Syringe - gas tight, 1.0 mL, solvent rinsed between each use. 
 
4.2 Sonicator ultrasonic processor XL – Misonix (or equivalent) equipped with dual 

titanium 3/4" horn extenders for extracting two samples at a time. 
 
4.3 Powder funnels, 100 mm diameter, 35 mm stem 
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4.4 Kuderna-Danish (KD) apparatus -     Concentrator tube - 10 mL 
Evaporative flask - 500 mL 
Snyder column - 3-ball macro 

 
4.5 Filter paper, 7.0 cm, Whatman #4 
 
4.6 Vacuum filtration flask - 500 mL Erlenmeyer 

 
4.7 Buchner funnel, porcelain, Coors® with 85 mm plate diameter (or equivalent) 

 
4.8 Beakers - 400 mL 

 
4.9 Boiling chips - approximately 12 mesh, silicon carbide (carborundum or equivalent).  

Soxhlet extract overnight in methylene chloride.  
 

4.10 Water bath - eight position concentric ring bath, or equivalent, equipped with a 
calibrated thermometer.  The bath should be used in a hood. 

 
4.11 Balance - capable of accurately weighing ± 0.01 g.   

 
4.12 Vials and caps – 1.8 mL with PTFE/silicone septa and 12 mL with Teflon-lined caps 

for extracts designated for GPC cleanup.  
 

4.13 Filter paper, 18.5 cm, Fisherbrand or Whatman 114V (or equivalent) 
 
4.14 Pasteur pipets - disposable, 5 ¾ “. 
 
4.15 Nitrogen evaporation apparatus.   

 
4.16 Muffle oven – capable of maintaining 400 °C for baking glass wool and organic-free 

sand.   
 

4.17 Gel Permeation Chromatograph (GPC) - J2 Scientific AccuPrep MPSTM with internal 
UV detection 

   
 
5.0 REAGENTS 

 
5.1 Sodium Sulfate - anhydrous powdered and granular crystals, reagent grade, certified 

by the manufacturer/vendor as purified heating to 400°C prior to receipt by the 
laboratory.  (Jost Chemical anhydrous powder, catalog #2797 or equivalent, and Jost 
Chemical granular crystals, catalog #2796 or equivalent).  
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5.2 Methylene chloride, methanol, and acetone - pesticide residue analysis grade or 
equivalent.  Methylene chloride and acetone are evaluated by lot prior to use by 
concentration of approximately 200 mL to 1.0 mL followed by GC/MS analysis.  The 
lot numbers of all solvents used during an extraction must be recorded in the 
extraction logbook. 

 
5.3 Organic-free sand, purified by baking at 400 °C.  Method blanks serve as checks on 

the baked sand. 
 
5.4 Base/Neutral and Acid (SVOA) Surrogate Spiking Solution - Surrogate standards are 

added to all samples and calibration solutions.  Prepare a surrogate standard spiking 
solution that contains the following compounds at the indicated concentrations in 
acetone. 
 

Compound Conc.  
phenol-d6 100 ug/mL 
2,4,6-tribromophenol 100 ug/mL 
2-fluorophenol 100 ug/mL 
nitrobenzene-d5 50 ug/mL 
p-terphenyl-d14 50 ug/mL 
2-fluorobiphenyl 50 ug/mL 

 
Store the spiking solution at -10°C to -20°C in Teflon-sealed containers.  These 
solutions must be replaced after six months or sooner if comparison with quality 
control check samples indicates a problem.  If reanalysis of a method blank still 
indicates surrogates out of criteria, a new surrogate solution must be used. 

 
5.5 SIM Surrogate Spiking Solution- Surrogate Standards are added to all samples and 

calibration solutions.  Prepare a surrogate solution that contains the following 
compounds at a concentration of 2 ug/mL in acetone.  

 
Compound Conc. ug/mL 
Fluorene-d10 2.0 ug/mL 
2-Methylnaphthalene-d10 2.0 ug/mL 
Pyrene-d10.   2.0 ug/mL 
2,4-Dibromophenol 4.0 ug/mL 
1,4-Dioxane-d8 2.0 ug/mL 

 
Store the spiking solution at -10°C to -20°C in Teflon-sealed containers.  These 
solutions must be replaced after six months, or sooner if comparison with quality 
control check samples indicates a problem.  If reanalysis of a method blank still 
indicates surrogates out of criteria, a new surrogate solution must be used. 

 
5.6 Base/Neutral and Acid (SVOA) Matrix Spike/Lab Control Sample Spiking Solution - 

Prepare a spiking solution in methanol that contains the compounds listed in Figure 2 
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at a concentration of 50 ug/mL for base/neutrals and 100 ug/mL for acids.  Store the 
spiking solution at -10°C to -20°C in Teflon-sealed containers.  These solutions must 
be replaced after six months, or sooner if comparison with quality control check 
samples indicates a problem. 

 
5.7 Base/Neutral and Acid (SVOA APPENDIX IX) Matrix Spike/Lab Control Sample 

Spiking Solution. Prepare a spiking solution in methanol that contains the compounds 
listed in Figure 3 at a concentration of 100 µg/mL for each compound. Store the 
spiking solution at -10°C to -20°C in Teflon-sealed containers. These solutions must 
be replaced after six months, or sooner if comparison with quality control check 
samples indicates a problem   
 

5.8 Base/Neutral and Acid (SIM) Matrix Spike/ Lab Control Sample Spike Solution for 
SIM-SVOA.  Prepare a spiking solution in methanol that contains the compounds 
listed in Figure 2 at a concentration of 2.0 ug/mL for base/neutral and 4.0 ug/mL for 
acid.  Take out 1.0 mL of Base/Neutral and Acid Matrix Spike/Lab Control Spiking 
Solution for SVOA and dilute it to 25.0 mL in methanol.  Store the solution Spiking at -
10°C to -20°C in Teflon-sealed containers.  These solutions must be replaced after six 
months, or sooner if comparison with quality control check samples indicates a 
problem. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 
Sediment/soil samples must be collected in a soil jar and must be maintained at 4°C (±2°C).  
 

 Holding time for extraction of sediment/soil samples for Method 3550 is 14 days from date 
of sample collection, although the analyst should be aware that actual holding times 
employed may be project/program specific.  
 
Store all extracts at 4°C (±2°C) in the dark in labeled Teflon-sealed containers.  See SOP SD-
902, "Sample Receipt and Internal Control," current revision, for storage areas and 
temperature maintenance procedures. 

   
 

7.0 PROCEDURES 
 

The following information must be recorded in the extraction logbook. 
 

• Extraction method 
• Surrogate and spike IDs 
• Lot numbers of all solvents, acids and bases, sodium sulfate, filter paper 
• Nitrogen evaporation water bath temperature 
• pH if applicable 
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• Sonicator horns tuned 
• Extraction and Concentration dates 
• Extraction and Concentration analyst 
• Sample ID or QC sample ID 
• Initial and final volumes or weight 
• Surrogate and spike amounts 
• Final extract tray location 
• Any comments regarding the sample extraction (ie. Emulsion) 

 
 All solid samples should be cleaned using gel permeation chromatography (GPC) to reduce 

matrix interferences.   
 
 The organic department manager should be consulted to determine if a particular sample 

should be subjected to further cleanup procedures; the decision should consider sample 
history, sample appearance, and project/client needs. 

 
Samples need to be “swiped” out when removing and “swiped” in when replacing samples in 
storage locations to maintain the internal chain of custody.  Refer to Katahdin SOP SD-902, 
Sample Receipt and Internal Control, current revision, for the proper procedure for removal 
and return samples. Fill out the sample preparation/extraction log with the necessary 
information before starting the extraction.  Prerinse all glassware three times with methylene 
chloride. 
 
7.1 Do not decant any water layer on a sediment sample.  Mix with a stainless steel 

spatula to ensure homogeneity of the sample. If the sample container is full to the 
extent that stirring the sample is impractical, try to remove the “best representative” 
aliquot from the jar based on color, particle size, moisture, etc.  Remove any foreign 
objects such as sticks, leaves, and rocks, and note actions taken in the appropriate 
extraction logbook.  Please refer to the current revision of Katahdin Analytical 
Services SOP CA-108, “Basic Laboratory Technique “, for more detailed guidance 
on subsampling to ensure reproducibility.    

   
7.2 The following steps should be performed rapidly to avoid loss of the more volatile 

extractable.  Weigh out an approximate, greater than 30g portion of sample into a 
labeled 400-mL beaker.  Record sample weight to the nearest 0.01 g in appropriate 
extraction logbook. Add between 30 g and 60 g of anhydrous powdered sodium 
sulfate as required for producing a “free-flowing” mixture.  The amount of sodium 
sulfate added will depend upon the moisture content of the sample (e.g., low moisture 
content will require less sodium sulfate).  Mix well with a spatula. Keep the spatula in 
the sample beaker and cover the beaker with aluminum foil.  

   
7.3 A method blank must be prepared with each extraction batch, not to exceed 20 

client samples.  To prepare a method blank, weigh out one, greater than 30 g 
portion of purified sand in a labeled 400 mL beaker.  Refer to sections 7.6 and 7.7 
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for spike and surrogate addition instructions.  Add 60 g sodium sulfate and mix well. 
Although a “free-flowing” mixture can be achieved with less than 60 g sodium 
sulfate, the method blank must contain 60 g in order to evaluate the sodium sulfate 
as a potential source of contamination. 

 
7.4 A laboratory control sample (LCS) must be prepared with each extraction batch, not 

to exceed 20 client samples.  To prepare LCS, weigh out one 30 g portion of purified 
sand in a labeled 400 mL beaker.  Refer to sections 7.6 and 7.7 for spike and 
surrogate addition instructions.  Add 30 g sodium sulfate and mix well.  If combined 
SIM-SVOA analysis is requested, a separate LCS must be prepared for each 
analysis.  If an MS/MSD pair is not extracted on a particular day, an LCS/LCSD pair 
may be required in order to meet client-specific or program-specific requirements.  
This information will be disseminated from the project manager or Department 
Manager.   

 
7.5 A matrix spike/matrix spike duplicate (MS/MSD) set must be prepared for every 20 

samples.  To prepare MS/MSD, weigh out two approximate, greater than 30 g 
portions of the sample designated for MS/MSD into each of two labeled 400 mL 
beakers.  Record sample weights to nearest 0.01 g in appropriate extraction 
logbook.  Refer to sections 7.6 and 7.7 for spike and surrogate addition instructions.  
Add 30 - 60 g sodium sulfate to each to produce a free-flowing mixture, and mix 
well.  If combined SIM-SVOA analysis is requested, a separate MS/MSD must be 
prepared for each analysis.   

 
7.6 To all samples, method blank, LCS/LCSD, and MS/MSD add 1.0 mL of the 

appropriate base/neutral and acid surrogate spiking solution listed below using the 
pre-rinsed 1.0 mL gas tight syringe.  The surrogate spike should be added after the 
addition of the sodium sulfate. Record surrogate spike volume and identification 
code in extraction logbook.  Thoroughly rinse syringe with solvent prior to using it for 
another spiking solution.  
 
7.6.1 If the request is for SVOA or SVOA Appendix IX, use the SVOA surrogate 

solution (sect. 5.4). 
 
7.6.2 If the request is for SIM, use the SIM surrogate solution (sect. 5.5). 

 
7.6.3 If the request is for SIM-SVOA, use both the SIM and SVOA surrogate 

solutions.  NOTE: Separate LCS/LCSD and/or MS/MSD are needed for each 
analysis and should be spiked with the appropriate surrogate. 

 
7.7 To the LCS/LCSD and the MS/MSD add 1.0 mL of the appropriate base/neutral and 

acid (SVOA) matrix spike/LCS spiking solution listed below using a 1.0 mL gas tight 
syringe.  The LCS/MS spike should be added after the addition of the sodium 
sulfate.  Record the matrix spike/LCS spiking solution volume and identification 
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code in extraction logbook.  Thoroughly rinse the syringe with solvent when spiking 
is completed.  

 
7.7.1 If the request is for SVOA, add 1 mL of SVOA Spiking Solution (sect 5.6). 
 
7.7.2 If the request is for SIM, add 1 mL SIM Spiking solution (sect 5.8). 

 
7.7.3 If the request is for SVOA and SIM, add 1mL of SVOA Spiking Solution and 

1 mL SIM Spiking solution (sect 5.6 and 5.8). 
 

7.7.4 If the request is for SVOA Appendix IX, add 1mL of SVOA Spiking Solution 
and 1 mL of SVOA Appendix IX Spiking solution (sect 5.6 and 5.7). 

 
7.8 To assure optimum operation and maximum energy output, the sonicators must be 

tuned daily prior to extracting samples.  The following tuning procedure must be 
performed with the sonicator probes vibrating in air. 
 
7.8.1 Turn OUTPUT CONTROL knob counter-clockwise to zero.  This 

automatically switches the duty cycle to continuous mode. 
 
7.8.2 Press and hold down the power switch to on. 

 
7.8.3 Press and hold down the TUNE switch.   Check if the counter is less or equal 

to 20%; otherwise, rotate the Tuning Knob (tuning button) clockwise until a 
reading of 20%or less is obtained. 

 
7.8.4 Release the TUNE switch.  

 
7.8.5 Turn OUTPUT CONTROL KNOB counter-clockwise to 50 and the power 

switch off. 
 

7.8.6 Confirm that the sonicators were tuned by recording the date and/or percent 
in the extractions logbook. 

 
7.9 Prior to extracting any samples, ensure that the sonicator probes are 

decontaminated by rinsing three times with a methylene chloride wash bottle.  
Collect the waste in a waste beaker.  It may sometimes be necessary to wipe the 
upper part of each probe with a methylene chloride dampened KimWipe.  Repeat 
this decontamination step between each sample on each probe. 

 
7.10 To the mixed and spiked blank and LCS, add approximately 100 mL of the 1:1 

methylene chloride/acetone (V/V) solution and proceed with steps 7.11 through 
7.14.  Record the lot numbers of the solvents in the extraction logbook. 
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7.11 It may be necessary at this time to stir the sample/sodium sulfate mixture with the 
spatula to loosen up the mixture prior to extracting.  Rinse the spatula with 
methylene chloride and collect the rinsing into a correspondent beaker.  Position the 
beaker in the ultrasonic cell disruptor so that the bottom surface of the tip of the 3/4 
inch disruptor horn is about halfway below the surface of the solvent and above the 
sediment layer.  

 
7.12 Sonicate for 3 minutes with the output control knob set at 10, and mode switch on 

“pulsed” and % duty cycle knob set at 50%.  While the mixture is sonicating, one 
should be able to see all, or most of the material, moving in the beaker under the 
influence of the energized probes.  If not, stir the mixture again.   

 
7.13 Prepare a filter flask fitted with a Buchner funnel.  The Buchner funnel should 

contain a 7.0 cm Whatman #4 filter.  Prerinse the flask, funnel and filter with 
methylene chloride and discard rinsings into solvent waste container.  Decant 
extract into the filter flask and Buchner funnel.  A vacuum pump may be used to 
facilitate filtration or the extract may be gravity filtered.  The lot number of the filter 
paper must be written ti the extraction logbook. 

 
7.14 Repeat the extraction two more times (sec 7.11 – 7.14) using approximately 100 mL 

portions of 1:1 methylene chloride: acetone.  Before each extraction, make certain 
that the sodium sulfate is still free-flowing and not a consolidated mass.  As 
required, break up large lumps with the spatula.  Decant the extraction solvent into 
the Buchner funnel after each sonication.  On the final sonication, pour the entire 
sample contents into the Buchner funnel and rinse thoroughly with methylene 
chloride to complete the quantitative transfer of the extract.  Use the vacuum pump 
to pull all the extract into the flask 

 
CONCENTRATION OF LOW LEVEL EXTRACTS 

 
7.15 Rinse the K-D glassware (flask, concentration tube, and Snyder column, including 

the ground glass joints on the flask and columns) three times with methylene 
chloride before assembling.  Add two boiling chips to the K-D.   Insert 18.5 cm filter 
papers into short stem powder funnels and add ~ 2 inches of sodium sulfate 
crystals. Place the assembled K-D’s under the funnels. The lot number of the filter 
paper must be written in the extraction logbook. 

 
7.16 Transfer the extracts to the K-D concentrator setups through the sodium sulfate in 

the funnels.  This is the drying step, which is required to remove residual water from 
the extracts.  Any large water layers must be removed by other means, prior to 
pouring through the sodium sulfate.  After pouring all of the extract volume through 
the sodium sulfate, rinse the extract flask three times with ~ 2 – 3 mls of methylene 
chloride.  Add the rinsings through the sodium sulfate to complete a quantitative 
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transfer.  Rinse the sodium sulfate with ~ 15 mls of methylene chloride and allow to 
drain.  

 
7.17 If samples are to be GPC’d, refer to the current revision of Katahdin SOP CA-513, 

Extract Cleanup Using Gel Permeation Chromatography, for appropriate 
concentrating procedures.   

 
7.18 If samples are not to be GPC’d, follow Steps 7.19 through 7.24 to concentrate 

extracts to final volume of 1 mL.  Otherwise proceed to GPC cleanup procedure as 
described in the current revision of Katahdin SOP CA-513.  

 
7.19 Transfer the labels from the extract flasks to the K-Ds. Remove the funnel and 

attach a 3-ball macro Snyder column. Pre-wet the Snyder column with 1 mL of 
methylene chloride.  

 
7.20 Place the K-D in a hot water bath (75-85°C). Gently swirl K-D in the water until 

boiling begins. At the proper distillation rate, the Snyder balls should chatter but the 
chambers should not flood with condensed solvent. The K-D should be kept in a 
vertical orientation while on the bath.  When the apparent volume in the 
concentrator tube reaches ≈ 6 mL, remove the K-D from the water bath.  Do not 
allow the evaporator to go dry.  If the sample extract does go dry, re-extraction 
must occur immediately.   Allow the K-D to cool for 10 minutes. Rinse the Snyder 
column lower joint with ≈ 1 mL of methylene chloride. Remove the Snyder column. 
Wipe off any water from the neck above the lower joint of the flask. Separate the K-
D flask from the concentrator tube, rinsing the ground glass joint with ≈ 1 mL 
methylene chloride.   

 
7.21 Reduce the extract in the concentrator tube to approximately 1 mL using the 

nitrogen blow-down apparatus. The bath temperature must be < 39°C. Turn the gas 
to 3 psi. Be careful not to splash the extract out of the tube. During concentration on 
the N-evap, the internal wall of the concentrator tube and the N-evap sparging pipet 
must be rinsed down at least once or twice with ≈1 mL of methylene chloride. The 
solvent level in the concentrator tube must be positioned below the level of the 
water bath as much as possible to prevent water from condensing into the sample 
extract. As the extract volume is reduced, lower the N2 sparging pipet closer to the 
surface of the extract to expedite the concentration. Record the temperature of the 
water in the nitrogen evaporation water bath in the logbook also note any problems 
or extract losses, if they occur, in the extractions logbook.     

 
7.22 When the apparent volume reaches slightly less than 1 mL, remove the 

concentrator tube and allow it to cool. 
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7.23 Complete the quantitative transfer of the extract to a 1.8 mL vial by using methylene 
chloride.  Adjust the volume of the methylene chloride extract to 1.0 mL using the 
1.8 mL reference vial for volume comparison.   

 
7.24 Label the vial with lab sample number, extraction date, matrix and analysis. Store 

extract vials at a temperature of 4 ± 2 °C until ready for analysis.  Indicate in the 
extraction logbook the box number and “tray location” of the individual extract vials. 

   
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

A method blank must be extracted for each and every item listed below: 
 

• Each sample matrix 
• Each extraction method or level 
• Every extraction batch of twenty or fewer samples 
 

A laboratory control sample (LCS) is required for each and every item listed below: 
 

• Each sample matrix 
• Each extraction method or level 
• Every extraction batch of twenty or fewer samples 

 
Refer to the current revision of the applicable Katahdin SOP for analysis of Semivolatile 
Organics for quality control acceptance criteria. 
 
Each extractions analyst must demonstrate proficiency in performing the extractions that 
prepare samples for analysis.  Demonstration consists of preparation (extraction), by the 
analyst, of at least four aliquots which are then analyzed according to the analytical method in 
question.  These QC samples must meet all quality control acceptance limits.  Demonstration 
must be documented by use of a form which summarizes the results of the analysis of these 
aliquots, calculated percent recoveries, and standard deviation.  Demonstration of proficiency 
must be done one time per analyst initially and then annually thereafter. Refer to SOPs QA-
805 and QA-807, current revision. 
 
If, upon analysis of the extracted samples, it is discovered that quality control acceptance 
criteria have not been met, all associated samples must be evaluated against all the QC.  In 
some cases data may be reported, perhaps with narration, while in other cases, other 
corrective action may be taken.  The corrective actions may include re-extraction of the 
samples associated with the quality control sample that did not meet acceptance criteria, or 
may include making new reagents and standards if the standardization is suspect.  These 
decisions are based on holding time considerations, client and project specific Data Quality 
Objectives and on review of chromatograms.  The supervisor, Operations Manager, and/or 
Quality Assurance Officer may be consulted to evaluate data.  Some samples may not be able 
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to be reanalyzed within hold time.  In these cases “qualified” data with narration may be 
advisable after consultation with the client. 
 

 Much of the work performed at the lab is analyzed in accordance with specific QC 
requirements spelled out in a project specific Quality Assurance Project Plan (QAPP) or in a 
program specific Quality Systems Manual (QSM).  The reporting limits, acceptance criteria 
and/or corrective actions may be different than those specified in this SOP.  In these cases the 
appropriate information will be communicated to the Department Manager and/or senior 
chemists before initiation of the analyses so that specific product codes can be produced for 
the project.  In addition, the work order notes for each project will describe the specific QAPP 
or QSM to be followed. 

   
 
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every 
applicable instrument on a quarterly basis.  
 
The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 

 
Refer to the applicable analytical SOP for other method performance parameters and 
requirements. 
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LIST OF TABLES AND FIGURES 
 
Table  1 Summary of Method Modifications 
Figure 1        Example of Logbook Page 
Figure 2 LCS/Matrix Spike Component List  
Figure 3 Appendix IX LCS/Matrix Spike Component List 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-512-09 
STANDARD OPERATING PROCEDURE Date Issued:  04/12 
 Page 18 of 21 
   
 
TITLE: PREPARATION OF SEDIMENT/SOIL SAMPLES BY SONICATION USING METHOD 

3550 FOR SUBSEQUENT EXTRACTABLE SEMI-VOLATILES ANALYSIS 
  
   

 
 
 

TABLE 1 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-512-09 
 

METHOD 3550, current revision 

Apparatus/Materials 
 
 

1)  short stem funnels 1)  drying columns 

Reagents 
 

  

Sample preservation/ 
handling 
 

  

Procedures 
 
 
 

1)  extract dried using Na2SO4 in short stem 
funnels 
2) place sonicator horns ½ way between the 
surface of the solvent and the sediment layer 
3) no apparatus height specification for 
concentration on water bath 
4) water bath at 75-85 deg C 
5) sample removed from water bath when 
volume reaches ~6 mL 
 

1)  extract dried using Na2SO4 in drying columns 
2) place sonicator horns ½ inch below the 
solvent surface but above sediment layer 

3) partially immerse concentrator tube in water 
and lower apparatus to complete concentration 
in 10-15min 

4) water bath at 80-90 deg C 
5) sample removed from water bath when 
volume reaches 1-2 mL 

 
QC - Spikes 
 
 
 

1) Acid surrogate and spike components at 100 
ug/mL;  base/neutral surrogate and spike 
components at 50 ug/mL 
 

1) Acid surrogate and spike components at 200 
ug/mL;  base/neutral surrogate and spike 
components at 100 ug/mL 

QC - LCS 
 
 
 

1) Acid surrogate and spike components at 100 
ug/mL;  base/neutral surrogate and spike 
components at 50 ug/mL 
 

1) Acid surrogate and spike components at 200 
ug/mL;  base/neutral surrogate and spike 
components at 100 ug/mL 

QC - Accuracy/Precision 
 

  

QC - MDL 
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FIGURE 1 
 

EXAMPLE OF LOGBOOK PAGE 
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FIGURE 2 
 

LCS/MATRIX SPIKE COMPONENT LIST 
 

BASE/NEUTRALS 
1-Methylnaphthalene Bis (2-chloroethoxy) methane 
1,1-Biphenyl Bis (2-chloroethyl) ether 
1,2,4-Trichlorobenzene Bis (2-Chloroisopropyl) ether) 
1,2-Dichlorobenzene Bis (2-ethylhexyl) adipate 
1,3-Dichlorobenzene Bis (2-ethylhexyl) phthalate 
1,4-Dichlorobenzene Butylbenzyl phthalate 
1,4-Dioxane Caprolactam 
2,4-Dinitrotoluene Carbazole 
2,6-Dinitrotoluene Chrysene 
2-Chloronaphthalene Dibenz (a, h) anthracene 
2-Methylnaphthalene Dibenzofuran 
2-Nitroaniline Diethyl adipate 
3,3'-Dichlorobenzidine Diethyl phthalate 
3-Nitroaniline Dimethyl phthalate 
4-Bromophenylphenyl ether Di-n-butylphthalate 
4-Chloroaniline Di-n-octyl phthalate 
4-Chlorophenylphenyl ether Fluoranthene 
4-Nitroaniline Fluorene 
Acenaphthene Hexachlorobenzene 
Acenaphthylene Hexachlorobutadiene 
Acetophenone Hexachlorocyclopentadiene 
Aniline Hexachloroethane 
Anthracene Indeno (1,2,3-cd) pyrene 
Atrazine Isophorone 
Azobenzene Naphthalene 
Benzaldehyde Nitrobenzene 
Benzidine N-Nitrosodimethylamine 
Benzo (a) Anthracene N-Nitroso-di-n-propylamine 
Benzo (a) pyrene N-Nitrosodiphenylamine 
Benzo (b) fluoranthene Phenanthrene 
Benzo (ghi) perylene p-toluidine 
Benzo (k) fluoranthene Pyrene 
Benzyl alcohol Pyridine 

 
ACIDS 

2, 3, 4, 6-Tetrachlorophenol 2-Chlorophenol Benzoic acid 
2,4,5-Trichlorophenol 2-Methylphenol Ethyl methanesulfonate 
2,4,6-Trichlorophenol 2-Nitrophenol Methyl methanesulfonate 
2,4-Dichlorophenol 4,6-Dinitro-2-methylphenol Pentachlorophenol 
2,4-Dimethylphenol 4-Chloro-3-methylphenol Phenol 
2,4-Dinitrophenol 4-Methylphenol  
2,6-Dichlorophenol 4-Nitrophenol  
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FIGURE 3 
 

APPENDIX IX LCS/MATRIX SPIKE COMPONENT LIST 
 

1,2,4,5-Tetrachlorobenzene Hexachloropropene 
1,3,5-Trinitrobenzene Isodrin 
1,4-Naphthoquinone Isosafrole 
1-Chloronaphthalene Kepone 
1-Naphthylamine m-Dinitrobenzene 
2,4-D Methapyrilene 
2-Acetyl aminofluorene Methyl parathion 
2-Naphthylamine n-Nitrosodiethylamine 
2-Picoline n-Nitrosodi-n-butylamine 
3,3-Dimethylbenzidine n-Nitrosomethylethylamine 
3-Methylcholanthrene n-Nitrosomorpholine 
4-Aminobiphenyl n-Nitrosopyrrolidine 
4-Nitroquinoline-1-oxide n-Nitrotrosopiperidine 
5-Nitro-o-toluidine O,O,O-Triethyl phosphorothioate 
7,12-Dimethylbenz(a)anthracene o-Toluidine 
a,a-Dimethylphenethylamine Parathion 
Acetophenone p-Dimethylaminoazobenzene 
Aramite Pentachlorobenzene 
Chlorobenzilate Pentachloronitriobenzene 
Diallate Phenacetin 
Dibenz(a,j)acridine Phorate 
Dimethoate p-Phenylenediamine 
Dinoseb Pronamide 
Diphenylamine Safrole 
Disulfoton Silvex (2,4,5-TP) 
Famphur Sulfotep 
Hexachlorophene Thionazin 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedures utilized by Katahdin Analytical 
Services, Inc. laboratory personnel to prepare and analyze water and soil sample extracts 
for semivolatile organics by EPA SW-846 Method 8270, current revision, modified for 
selected ion monitoring. 

 
In order to maintain consistency in data quality, this SOP consolidates all aspects of the 
analyses in one working document, to be revised as necessary. 

 
 1.1 Definitions 

 
ANALYTICAL BATCH: 20 or fewer samples which are analyzed together with the 
same method sequence and the same lots of reagents and with the manipulations 
common to each sample within the same time period or in continuous sequential time 
periods. 
 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to 
determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus. For aqueous samples, reagent water is 
used as a blank matrix; for soil samples, baked organic-free sand is used as a blank 
matrix. The blank is taken through the appropriate steps of the process. 
 
CALIBRATION CHECK: Verification of the ratio of instrument response to analyte 
amount, a calibration check is done by analyzing for analyte standards in an 
appropriate solvent.  Calibration check solutions are made from a stock solution that is 
different from the stock used to prepare standards. 
 
CALIBRATION STANDARD (WORKING STANDARD): A solution prepared from the 
stock standard solution that is used to calibrate the instrument response with respect 
to analyte concentration. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source and is analyzed exactly like a sample. Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements. The matrix used 
should be phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis. Samples are split into duplicates, spiked and analyzed. 
Percent recoveries are calculated for each of the analytes detected.  The relative 
percent difference between the samples is calculated and used to assess analytical 
precision. 
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STANDARD CURVE (CALIBRATION CURVE): A curve that plots concentration of 
known analyte standard versus the instrument response to the analyte. 
STOCK STANDARD SOLUTION: A concentrated solution containing a single certified 
standard that is a method analyte, or a concentrated solution of a single analyte 
prepared in the laboratory with an assay reference compound.  Stock standard 
solutions are used to prepare calibration standards. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally 
found in environmental samples. These compounds are spiked into all blanks, 
standards, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 
 
TARGET:  A software system that combines full processing, reporting and 
comprehensive review capabilities, regardless of chromatographic vendor and data 
type. 
 
TARGET DB:  An oracle database used to store and organize all Target data files. 

 
KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS) : A complete multi-
user system with the capabilities of integrating laboratory instrumentation, generating 
laboratory worksheets, providing complete Lab Order status and generating reports.  
KIMS utilizes these features through a database. 

 
 1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced 
in the analysis of semivolatile organic compounds by EPA Method 8270. Each analyst 
must demonstrate and document their ability to generate acceptable results with this 
method.  Refer to Katahdin SOP QA-805, “Personnel Training & Documentation of 
Capability,” current revision. 
 
It is the responsibility of all Katahdin technical personnel involved in analysis of 
semivolatiles by Method 8270 to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook. Any deviations from the test or irregularities with the samples should also 
be recorded in the lab notebook and reported to the Department Manager or 
designated qualified data reviewer responsible for this data. 

 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 
 

Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
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hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to 
all personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs for all the materials used in this procedure. 
 
Each qualified analyst or technician must be familiar with the Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves, and 
lab coats when working with chemicals or near an instrument and not taking food or 
drink into the laboratory. Each analyst should know the location of all safety 
equipment.  Each analyst shall receive a safety orientation from their Department 
Manager, or designee, appropriate for the job functions they will perform. 

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Program for further details on pollution 
prevention techniques. 
 
After analysis, autosampler vials containing sample extracts in methylene chloride 
are returned to the SVOA hood, and the contents transferred to a labeled waste 
container. The contents of this container are disposed of in accordance with the 
Katahdin Hazardous Waste Management Plan and Safety Manual and SOP SD-
903, “Sample Disposal,” current revision. Expired standards are lab packed, placed 
in the Katahdin hazardous waste storage area, and disposed of in accordance with 
this SOP. 

   
 
2.0 SUMMARY OF METHOD 
 

The process involves the extraction of semivolatiles from a sample using an appropriate 
solvent followed by clean up steps (where applicable) and concentration of the extract (refer 
to Katahdin SOP CA-502, “Preparation of Aqueous Samples for Extractable Semivolatile 
Analyses”, SOP CA-512, “Preparation of Sediment/Soil Samples by Sonication Using 
Method 3550 for Subsequent Extractable Semi-Volatiles Analysis” and SOP CA-526, 
“Preparation of Sediment/Soil Samples by Soxhlet Extraction Using Method 3540 for 
Subsequent Extractable Semivolatile Analysis”).  An aliquot of the final extract is injected into 
the gas chromatograph for compound separation by capillary column, followed by the 
electron impact mass spectrometer for identification and quantitation. 
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3.0 INTERFERENCES 
 

Interfering contamination may occur when a sample containing low concentrations of 
SVOCs is analyzed immediately after a sample containing high concentrations of SVOCs. 
Any samples that have suspected carryover must be reanalyzed. 

   
 

4.0 APPARATUS AND MATERIALS 
 

4.1 GC: Hewlett Packard 5890 and/or 6890 
 
4.2 Mass Spectrometers (MS): HP5975, HP5973, HP5972 and/or HP5970 
 
4.3 Helium: Carrier gas for routine applications.  All carrier gas lines must be 

constructed from stainless steel or copper tubing; non-polytetrafluoroethylene 
(non-PTFE) thread sealant or flow controllers with rubber component are not to be 
used. 

 
4.4 Autosamplers: HP 7673As 
 
4.5 Hamilton syringes:  2.00 uL to 10 mL 

 
4.6  Volumetric glassware:  Grade A or equivalent 
 
4.7 Columns:  DB-5MS 30m, 0.25mm I.D., 25um film thickness, columns (J&W 

Scientific) or equivalent. 
 
4.8 Acquisition System:  The acquisition system must be interfaced to the MS and allow 

continuous acquisition of data throughout the duration of the chromatographic 
program.  It must permit, at a minimum, the output of time vs. intensity (peak height 
or peak area).  Hewlett Packard Chemstation or equivalent. 

 
4.9 Data System:  The Target software is used for processing data and generating 

forms. 
   
 
5.0 REAGENTS 
 

5.1 J.T. Baker Ultra Resi-Analyzed methylene chloride (or equivalent) 
 

5.2 Purge and trap grade methanol 
 

5.3 Standards:  Stock standards and working standards are received and recorded in 
accordance with SOP CA-106 “Standard Preparation and Documentation”. 
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5.3.1 The expiration date for all standards is one year from date of opening the 
ampule.  If the manufacturer’s expiration date is before this one year date, 
the manufacturer’s expiration must be followed.  New standards must be 
opened if degradation is observed. 

 
5.3.2 Secondary dilution standards 

  
5.3.2.1 The standards are prepared on an as needed basis (or every 6 

months) and stored in screw-cap amber bottles with Teflon liners in 
the BNA standards freezer between uses.  Standards prepared from 
various stock solutions must always use the first expiration date of 
any of the solutions used for preparation. 

 
5.3.2.2 Calibration Mix A – Prepare standards in methylene chloride 

containing the compounds listed in Table 3.  The final concentration 
of each compound is 20 ug/mL. 

 
5.3.2.3 Calibration Mix B - Some compounds must be calibrated at higher 

concentrations.  For these compounds a secondary standard is 
prepared which will “boost” the concentration of these compounds in 
the initial calibration.  The concentration of this standard is 
determined on a project to project basis. 

 
5.3.2.4 Internal Standard Solution – Prepare standard in methylene chloride 

containing 1,4-dichlorobenzene-d4, naphthalene-d8, acenaphthene-
d10, phenanthrene-d10, chrysene-d12, and perylene-d12 at a final 
concentration of 80 ug/mL. 

 
5.3.2.5 DFTPP Solution – Prepare standard in methylene chloride 

containing DFTPP at a final concentration of 25 ug/mL. 
 
5.3.2.6 Independent Calibration Verification (ICV) Standard – From a 

source independent of the calibration standards, prepare a standard 
in methylene chloride containing the compounds listed in Table 3.  
The final concentration of each compound is 2 ug/mL. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

All semivolatile sample extracts must be analyzed within forty days following the date of 
extraction. 
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7.0 PROCEDURES 
 

7.1 NAMING AND CODING CONVENTIONS FOR ANALYTICAL STANDARDS – 
Used in accordance with SOP CA-106 “Standard Preparation and Documentation”. 

 
7.2 COMPUTER (DATA SYSTEM) CONVENTIONS - 

 
Conventions for all instruments are as follows: 

 
Sub-Directory for data acquisition and storage: C:\HPCHEM\1\DATA 
Tune file: DFTPP.U 
 
Method files: LSPSIMXX.M (all samples and standards) 

Where:   
XX = the calibration number in chronological order 
L = instrument ID (Each instrument is given a unique identifier) 
DFTPP390.M (DFTPP tuning acquisition) 

 
NOTE: All acquisition parameters must be identical for LSPSIMXX.M and 
DFTPP2. M. 
 
Data Files: L_ _ _ _.D, where _ _ _ _ is a number in chronological order 
from 0001 to 9999 and L is the instrument ID (Each instrument is given a 
unique identifier).  This file also contains the Quantitation output file. 
 
Data Files for DFTPP: LD_ _ _.D, where _ _ _ is a number in chronological 
order from 001 to 999 and L is the instrument ID (Each instrument is given a 
unique identifier).   

 
7.3 INSTRUMENT SPECIFIC PROCEDURES 

 
It is the policy of the GC/MS group that all data be acquired in the batch mode. The 
following items must be checked prior to data acquisition in the batch mode: 

 
• Ensure that the proper sequence and tune files are being used.  
• Check the autosampler syringe (Is it clean? Does the plunger move freely? 

etc.), its alignment and make sure the solvent rinse vial is full. Ensure that the 
knurled nut holding the top of the syringe plunger is tight. 

• Look at the batch to be analyzed and check the following: 
 

Make sure that the data files are in numerical order with no duplication and  that the 
method file is the same as that used for ICAL or Continuing  Calibration analysis. 
 
Bottle numbers match with the numbers on the autosampler tray. 
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After the batch has been deemed free of errors, start the batch by using the “Position 
and run” command under the SEQUENCE menu in MSTop. 

7.4 INSTRUMENT TUNING - Prior to the analysis of any calibration standards, blanks or 
samples, the GC/MS system must be shown to meet the mass spectral key ion and 
ion abundance criteria for decafluorotriphenylphosphine (DFTPP) tabulated below.  
Pentachlorophenol, benzidine and DDT are also present in this standard.   

 
DFTPP Key Ions and Ion Abundance Criteria 
Mass Criteria 
51 30.0-60.0 percent of mass 198 
68 less than 2.0 percent of mass 69 
69 present 
70 less than 2.0 percent of mass 69 
127 40.0 – 60.0 percent of mass 198 
197 less than 1.0 percent of mass 198 
198 base peak, 100 percent of mass 198 
199 5.0-9.0 percent of mass 198 
275 10.0-30.0 percent of mass 198 
365 greater than 1.00 percent of mass 198 
441 present, but less than mass 443 
442 greater than 40.0 percent of mass 198 
443 17.0-23.0 percent of mass 442 

 
 All ion abundances must be normalized to m/z 198, the nominal base peak. 

 
 The following are the GC/MS operating conditions for injection of DFTPP. 
 

GC/MS Operating Conditions - DFTPP 
Initial column temperature hold 140°C for 3 minutes 
Column temperature program 140-275°C at 15 degrees/minute 
Final column temperature hold 275°C 
Injection port temperature 280°C 
Transfer line/source temperature 285°C 
Injector - splitless, valve time 0.18 minutes 
EPC inlet B 
Constant flow ON 
Constant flow pressure 10psi 
Constant flow temperature 30°C 
Vacuum comp. ON 
Run time 10-12 minutes 
Scan start time 5.0 minutes 
Sample volume 2.0 uL of 25 ng/uL DFTPP solution 
Carrier gas helium at @ 1.0 mL/minute 
Mass range 35 to 500 amu 
Number of A/D samples 4 
GC Peak threshold 500 counts 
Threshold 10 counts 
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Set up the run on the Enviroquant system using “Edit Sample Log Table”. For a more 
detailed explanation of the Enviroquant software, consult the appropriate manual, 
Organic Department Manager, or senior chemist within the GC/MS group. 

 
The DFTPP solution must be analyzed once at the beginning of each twelve hour 
period during which standards and/or samples are analyzed.  The 12 hour time 
period for GC/MS system begins at the moment of injection of the DFTPP analysis. 
The time period ends after twelve hours has elapsed according to the system clock. 
The last injection must be accomplished prior to the expiration of 12 hours; 
conceivably, the run-time of an injection could end after the twelve hours. 
 
When the DFTPP has concluded, the run must be evaluated to determine if sample 
analysis can proceed.  The chromatography and the ion ratios must be examined.  
The DFTPP run is processed using the current algorithms in the Target software. 
 
The DFTPP tuning standard should also be used to assess the column performance 
and injection port inertness.  Calculate the degradation of DDT to DDE and DDD; it 
should not exceed 20%.  Benzidine and pentachlorophenol should be present at their 
normal responses, with no evidence of peak tailing.  For clients requiring DOD 
criteria, the tailing factors for these two compounds should not exceed 2. 

 
In order to document the performance of benzidine, pentachlorophenol and DDT, the 
following procedure must be followed.  At the PC, which operates the instrument, 
load the method TUNETAIL.M into the ENVDA screen.  Go into the quant drop down 
menu and select calculate/generate report.  When that finishes, select Qedit quant 
result.  Each compound can now be evaluated.  Double click on benzidine and select 
ChromEval and then Evaluate tailing.  Follow the instructions given on the screen to 
evaluate tailing.  Send the report to the printer.  Repeat the procedure for 
pentachlorophenol.  Repeat the procedure for DDT, selecting Evaluate degradation.  
Follow the instructions given on the screen and then send the report to the printer.  
The report should be filed with the tune raw data. 
 
If the results indicate the system does not meet acceptance criteria, the GC/MS must 
be manually tuned.  Once the manual tune procedure is completed, DFTPP must be 
re-injected and reevaluated.  If the instrument still does not meet criteria, notify your 
Department Manager.  Under no circumstances should calibration proceed if the 
instrument DFTPP is not in criteria. 

 
7.5 INSTRUMENT CALIBRATION 

 
7.5.1 Initial Calibration for Method 8270-SIM 
 

Prior to the analysis of samples and required method blanks, and after the 
instrument DFTPP tuning criteria have been met, the GC/MS system must be 
calibrated at six different concentrations, typically, 0.20, 0.50, 1.0, 2.0, 5.0 
and 8.0 ng/uL. This is done to determine instrument sensitivity and the 
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linearity of GC/MS response for the semivolatile target and surrogate 
compounds.  
 
Some SIM compounds may need to be calibrated at higher concentrations. A 
second standard is prepared containing these compounds.  The two 
standards are combined as in the example below.  The full aliquot is used 
and spiked with the appropriate amount of IS. 
 
Example –  
 
For a calibration at the following levels: 
Calibration mix A would be prepared containing ALL analytes at 20 ng/ul 
Calibration Mix B would be prepared containing phenols and phthalates at 20 
ng/ul. 
 

Final  
PAH 
conc. 

(ng/uL) 

Final  
Conc.  

Phenols 
and 

phthalates 
(ng/ul) 

Cal-Mix A 
Added (uL) 

Cal-Mix B 
Added (uL) 

MeCl2 
Added (uL) 

Final 
Volume (uL) 

0.20 1.0 10 40 950 1000 
0.50 2.0 25 75 900 1000 
1.0 3.0 50 100 850 1000 
2.0 4.0 100 100 800 1000 
5.0 5.0 250 0 750 1000 
8.0 8.0 400 0 600 1000 

 
Note: Calibration Mix B only is used to boost the phenols and phthalates 
concentrations in Cal. levels 1 through 4. 
 
The GC/MS operating conditions for the calibration standards injections are 
the same as for the DFTPP with the following exceptions: 
 

GC/MS Operating Conditions – Calibration and Samples 
Column temperature program 40°C for 3 min. to 300°C at 10°/min. 
Final column temperature hold 300°C 

Run time 
35 minutes (time may vary dependent 
upon column length)  

Scan start time 

2.0-6.0 minutes (time may vary 
dependent 
upon column length)  

Sample volume 2 uL 
 

The conditions are set up in the method file LSPSIMXX.M 
After analysis of the six calibration points, they must be quantitated and 
evaluated for adherence to QC criteria. Minimum requirements of ID files are 
the use of specific quantitation ions and quantitating a specific set of targets 
and surrogates with a set internal standard. Of particular importance when 
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performing SIM analysis are the ion ratios.  These requirements are found in 
Tables 3 and 5. 

 
7.5.2 Initial Calibration Criteria 

 
Relative response factors (RRFs) must be calculated and evaluated for each 
target compound and surrogate. The RRF is defined as follows: 

 
RRF =  Ax  X  CIS 
   AIS   Cx 
 

where: Ax = area of the primary ion for the target compound 
AIS = area of the primary ion for the corresponding istd 
CIS = concentration of the istd (ng/uL) 
Cx = concentration of the target compound 
 

After the calibration points have been quantitated, update the calibration 
curve points using the Target data processing software to generate the 
RRF’s and %RSD’s for all analytes.  If information is needed concerning the 
use of these programs, consult the Organic Department Manager or a senior 
chemist within the group. 

 
Response factor criteria have been established for the calibration of the 
semivolatile target and surrogate compounds. These criteria must be met in 
order for the calibration curve to be considered valid. The percent RSD for 
each calibration check compound (CCC) must be less than or equal to 30 
percent. There are three CCC’s: Acenaphthene, Fluoranthene, and 
Benzo(a)pyrene.  There are no criteria for the SPCC compounds. This is also 
applicable to clients that request DOD criteria. 

 
7.5.2.1 Linearity of Target Analytes (This is also applicable to clients that 
 request DOD criteria.) 

 
If the RSD of any target analyte is 15% or less, then the response 
factor is presumed to be constant over the calibration range, and the 
average response factor may be used for quantitation. 
 
If the RSD of any target analyte exceeds 15%, then a calibration 
option outlined in section 7.0 of method 8000 will need to be 
employed.   
 
Option 1 (Section 7.5.2 of method 8000 - Rev. 2, 12/96), is a linear 
regression of instrument response versus the standard concentration.  
The correlation coefficient (r) for each target analyte and surrogate 
must be greater than or equal to 0.995.  Target software calculates 
the correlation coefficient squared (r2).  This must be equal to or 
greater than 0.990.   
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Option 2 (Section 7.5.3 of method 8000 - Rev. 2, 12/96), is a non-
linear calibration model not to exceed a third order polynomial.  The 
lab would use a quadratic model or second order polynomial.  The 
use of a quadratic model requires six calibration points.  In order for 
the quadratic model to be acceptable, the coefficient of determination 
must be greater than or equal to 0.990. 
 
If time remains in the clock after meeting the initial calibration 
acceptance criteria, samples may be analyzed. The calibration must 
be verified each twelve hour time period (time period starts from the 
moment of the DFTPP injection) for Method 8270-SIM. The SSTD1.0 
in the curve may be used as the continuing calibration standard as 
long as it meets the continuing calibration acceptance criteria. All 
sample results must be quantitated using the initial calibration 
response factors.  
 

7.5.2.2 Immediately following calibration an Independent Calibration 
Verification Standard must be analyzed. For clients requiring DOD 
criteria, all project analytes must be within +/- 20% of true value. 
 

7.5.3 Continuing Calibration 
 

A check of the calibration curve must be performed once every twelve hours 
immediately following analysis of the tuning compound DFTPP. This check 
contains all target compounds and surrogates at a concentration of 1.0 ng/uL.  

 
After quantitation of the 1.0 ng/uL continuing calibration check, response 
factors must be calculated and compared to the average response factors in 
the initial calibration. The Target program calculates the calibration check 
response factors and compares them to the average RFs in the calibration 
curve by calculating percent differences.  The method 8270 CCC’s must have 
a % difference of +/- 20%D in order to be considered in criteria.  These 
conditions must be met before method blank and/or sample analysis can 
begin. For clients requiring DOD criteria, all project analytes and surrogates 
must be within +/- 20%. 

 
If the continuing calibration check does not meet criteria, corrective action 
must be taken. Depending on the situation, corrective action may be as 
follows: 
 
• Re-analyze the 1.0 ng/uL continuing calibration check. 
• Change the septum; clean the injection port; install a clean, silanized 

quartz liner; cut off a small portion (1" to 3") of the front end of the 
capillary column.  This is usually performed when chromatography is 
poor. Record any of these actions in the appropriate instrument 
maintenance logbook. 

• Analyze a new initial calibration curve. 



KATAHDIN ANALYTICAL SERVICES, INC.                                            SOP Number: CA-213-11 
STANDARD OPERATING PROCEDURE                                                Date Issued: 03/13 
                                                                                                                Page 15 of 38 
   
 
TITLE: ANALYSIS OF SEMIVOLATILE ORGANIC COMPOUNDS BY: SW 846 METHOD 

8270 – Modified for Selected Ion Monitoring (SIM) 
   
 

 

The last option, the generation of a new initial calibration curve, is usually 
chosen when percent difference are >30%. In these instances, there is little 
or no chance of a continuing calibration reanalysis meeting criteria. If there is 
any doubt concerning which corrective action to undertake, consult the 
Organic Department Manager or a senior chemist within the group. 
 
If the continuing calibration does meet the criteria specified above then 
analysis may precede using initial calibration response factors. 
 

7.5.4. Retention Time Windows 
 

Retention time windows for each analyte and surrogate are set at the 
midpoint standard of the calibration curve, following every ICAL.  On days 
when an ICAL is not performed, the initial CCV may be used.  For each 
sample, the RRT shall be compared with the mid-point of the ICAL or the 
most recently updated RRT.  If the RRT has changed by more than ± 0.006 
RRT units indicates a significant change in system performance and the 
laboratory must take appropriate corrective action. 
 
For projects or clients requiring DoD QSM 4.1, IS EICP areas must be 
within -50% to + 100% of the ICAL midpoint standard.  The retention time 
must be ± 30 seconds from the retention time of the ICAL midpoint 
standard. 

 
7.6 SAMPLE ANALYSIS 

 
Sample extracts may be analyzed only after the GC/MS system has met tuning 
criteria, initial calibration and continuing calibration requirements. Ensure that the 
same instrument conditions are being used for tuning, calibration and sample 
analysis by reviewing the GC parameters using the “Edit entire method” option under 
the Method menu in MSTOP.  Note that you can not edit a method if the instrument 
is running. 

 
Extracts are stored in the refrigerator in the organics extraction laboratory at 4°C 
±2°C. Remove them from the refrigerator and place them in the GC/MS laboratory 
semivolatile hood when ready for analysis. 
 
Prepare a 1.8 mL clear glass vial (crimp top) with a disposable insert (350 uL).  Add 
100 uL of sample extract and 1.0 uL of the 80 ng/uL IS stock to the vial and then cap.  
This gives a 0.8 ng/uL final concentration for the internal standard compounds.  The 
samples are topped with Teflon lined crimp top caps.   
   

7.7 FINAL DATA PACKAGE 
 

7.7.1 Initial Data Review (IDR) 
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The initial data review is accomplished by the analyst who ran the samples 
and is a review of sufficient quality and detail to provide a list of samples that 
need to be reanalyzed or diluted and reanalyzed. The initial data review is 
performed on the detailed quantitation reports of the analyzed sample. This 
data review examines criteria that directly impact whether or not the sample 
needs to be reanalyzed: 
 
• Surrogate Recoveries 
• Internal Standard Area Stability 
 
• Method Blank Acceptance 
• Chromatography 
• Target Compound Detection/Quantitation/Review for false positives 
• Laboratory Control Sample Recoveries 
• Matrix Spike/Matrix Spike Duplicate Recoveries 

 
The analyst must evaluate all data using the QA Acceptance Criteria table 
found within this SOP (Table 1).  This table gives acceptance criteria and 
corrective actions for criteria that are not met.  In addition to evaluating QC 
elements, the chromatography and quantitation of target analytes must be 
reviewed.  During this review, the analyst checks the integration of each 
individual peak.  The hardcopy has false positives crossed out so they can be 
reviewed for appropriateness by the Organic Department Manager.  

 
7.7.2 Chromatography 
 

The chromatography should be examined for the presence or absence of any 
ghost peaks and can also be used as an indication of whether or not matrix 
interferences might be affecting surrogate recoveries and/or istd area 
recoveries. Whether or not the chromatography is acceptable is a judgment 
call on the part of the analyst and should be used in conjunction with other 
monitored QC (e.g. surrogate recoveries) to determine the necessity of 
reanalyzing. 

 
Manual integrations are to be performed when chromatographic conditions 
preclude the computer algorithm from correctly integrating the peak of 
concern.  In no instance shall a manual integration be performed solely to 
bring a peak within criteria. 

 
Each peak of concern is examined by the primary analyst to ensure that the 
peak was integrated properly by the computer algorithm.  Should a manual 
integration be necessary (for instance, due to a split peak, peak tailing, or  
incomplete resolution of isomeric pairs), an “m” qualifier will automatically 
be printed on the quantitation report summary. 
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This manual integration package must then be submitted to the Department 
Manager or his/her designee, who will review each manual integration.   
 
For specific manual integration procedures, refer to Katahdin SOP QA-812, 
“Manual Integration”, current revision. 

 
7.7.3 Target Compound Detection/Quantitation 

 
The semivolatile ID files have been set up to err on the side of false positives; 
that is to identify and quantitate peaks as target compounds that may not 
necessarily be valid hits. It is the responsibility of the GC/MS analyst to use 
his/her technical judgment to determine if the identification of a target 
compound is correct or not. 

 
If any target concentration exceeds the upper limit, a dilution must be made 
and analyzed. The dilution chosen should keep the concentration of the 
largest target compound hit in the upper half of the initial calibration range. 
LCS and MS/MSD samples need not be diluted to get spiked analytes within 
the calibration range. 

 
The requirements for qualitative verification by comparison of mass spectra 
are as follows: 

 
• All ions present in the standard mass spectra at a relative intensity > 

10% must be present in the sample spectrum. 
• The relative intensities of primary and secondary ions must agree 

within  ±20% between the standard and sample spectra.  
• Ions greater than 10% in the sample spectrum but not present in the 

standard spectrum must be considered and accounted for by the 
analyst.  

 
 If a compound cannot be verified by all three criteria above, but, in the 
 technical judgment of the mass spectral interpretation specialist, the 
 identification is correct, then the laboratory shall report that compound on the 
 Form 1 as a valid hit.  
 

The GC/MS laboratory initial data review must be completed within twelve 
hours of batch completion; in the majority of instances, the initial review 
should be accomplished at the beginning of a work shift for the previous set 
of analyses.   

 
7.7.4  Reporting 

 
After the chromatograms have been reviewed and any target analytes have 
been quantitated using Target, the necessary files are brought into 
QuickForms.  Depending on the QC label requested by the client, a Report 
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of Analysis (ROA) and additional reports, such as LCS forms and 
chronology forms, are generated.  The package is assembled to include the 
necessary forms and raw data.  The data package is reviewed by the 
primary analyst and then forwarded to the secondary reviewer.  The 
secondary reviewer validates the data and checks the package for any 
errors.  When completed, the package is sent to the department manager 
for final review.  A complete review checklist is provided with each package.  
The final data package from the Organics department is then processed by 
the Data Management department. 

 
7.8 Injection Port Liner Cleaning And Silanizing Procedure 

 
• Remove the rubber o-ring from the liner and place the liner in a large 

Erlenmeyer flask. 
• In the hood, pour nitric acid into the flask until the liner is covered.  Place the 

flask on a hotplate and boil for 2-3 hours. 
• Let cool; drain nitric acid and thoroughly flush the liner with water. 
• Bake briefly in the muffle oven until liner is dry and cool to room temperature. 
• Place the liner in a beaker, fill with Sylon and let it soak for at least two hours. 
• Take out the liner and rinse it thoroughly with toluene. 
• Rinse the liner thoroughly with purge and trap grade methanol. 
• Bake the liner in the muffle oven for a minimum of three hours. 

 
7.9 Instrument Maintenance  

   
Instrument preventative maintenance is performed on a semi-annual basis by 
GC/MS chemists.  This maintenance includes a thorough inspection and cleaning of 
all parts, including changing rough and turbopump oils.  GC/MS analysts perform 
other maintenance on an as-needed basis.  Typically, routine maintenance involves 
clipping off the front end of the DB-5MS column, replacing the injection port septum, 
and installing a freshly silanized quartz liner after sample analysis. 
 
All maintenance must be documented in the instrument-specific maintenance log, 
whether it is routine or not.  The Department Manager must authorize any 
maintenance over and above a routine source cleaning. 

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

Refer to Table 1 and to details in this section for a summary of QC requirements, 
acceptance criteria, and corrective actions. These criteria are intended to be guidelines for 
analysts.  The criteria does not cover all possible situations.   If any of the QC requirements 
are outside the recovery ranges listed in this section or in Table 1, all associated samples 
must be evaluated against all the QC.  In some cases data may be reported, but may be 
reanalyzed in other cases.  Making new reagents and standards may be necessary if the 
standardization is suspect. The corrective actions listed in this section and in Table 1 may 
rely on analyst experience to make sound scientific judgments.  These decisions are 
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based on holding time considerations, client and project specific Data Quality Objectives 
and on review of chromatograms.  The supervisor, Operations Manager, and/or Quality 
Assurance Officer may be consulted to evaluate data.  Some samples may not be able to be 
reanalyzed within hold time.  In these cases “qualified” data with narration may be advisable 
after consultation with the client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed.     
 
8.1 Method Blank Criteria 

 
A method blank is defined as a volume of a clean reference material (deionized 
distilled water for water samples, baked organic-free sand for soil/sediment matrices) 
that is carried through the entire analytical procedure. One method blank must be 
extracted with each group of samples of a similar matrix and must be analyzed on 
the GC/MS system that was used to analyze the samples. 
An acceptable method blank must contain less than or equal to the PQL of any  
target compound. For clients requiring DOD criteria, no analytes detected at > ½ 
PQL and > 1/10 the amount measured in any sample or 1/10 the regulatory limit. 
 
If the method blank exceeds these contamination levels, the analytical system is 
considered out of control and corrective action must be taken before sample 
analysis. 
 
Reanalysis of the blank is the first step of the corrective action; if that does not solve 
the problem, a Katahdin Corrective Action Report (CAR) will be initiated. Corrective 
action will be specified after consultation including the Department Manager, 
Operations Manager, and QA Officer. 

 
8.2 Surrogate Recoveries 

 
The five surrogates (2-Methylnaphthalene-d10, 2,4-Dibromophenol, Fluorene-d10, 
Pyrene-d10 and 1,4-Dioxaned8) must meet the current statistically derived or 
nominal acceptance limits.  If statistical limits have not been established then the 
surrogate recovery must meet the nominal limits of 30-150%. For clients requiring 
DOD criteria, use acceptance limits specified by DOD or use in-house limits where 
none are specified. 
 
If specifications are not met, the sample (or blank) should be reanalyzed. If 
specifications are met in the reanalysis, this reanalysis should only be submitted. If 
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surrogate specifications are not met in the sample or method blank reanalysis, a 
Corrective Action Report (CAR) should be initiated. Corrective action will be specified 
after consultation including the Department Manager and Operations Manager.  
 
For further information regarding the acceptance of surrogate recoveries, consult the 
Organic Department Manager. 
 

8.3 Internal Standard Responses 
 

Internal standard responses and retention times (RT) in all samples and blanks must 
be evaluated as part of the technical data review. The method files have been set up 
to only detect compounds that fall within a set RT window. For Method 8270-SIM 
analysis, if the extracted ion current profile (EICP) area for any internal standard 
changes by more than a factor of two (-50% to +100%) as compared to the daily 
continuing calibration standard, reanalysis must occur. If the reanalysis meets 
criteria, only the in-criteria run should be reported. If the reanalysis is still out of 
criteria, both analyses should be included in the sample package set. 
 
For projects or clients requiring DoD QSM 4.1, IS EICP areas must be within -50% 
to + 100% of the ICAL midpoint standard.  The retention time must be ± 30 
seconds from the retention time of the ICAL midpoint standard. 
 
MS/MSD samples that do not meet the EICP area criteria above do not have to be 
reanalyzed. 
 

8.4 Laboratory Control Sample (LCS)  
 

An LCS must be performed for each group of samples of a similar matrix, for the 
following, whichever is more frequent: 
 
• Every 20 samples of a similar matrix or similar concentration, or 
• Every batch of samples extracted. 

 
Statistical limits are compiled annually for LCS recoveries (archived in QA office).  
Statistical limits are only calculated when at least 20 usable data points are obtained 
for any given compound.   If insufficient data points are available, nominal limits are 
set by the section supervisor, Laboratory Operations Manager and Quality 
Assurance Officer.  Refer to Katahdin SOP QA-808, “Generation and Implementation 
of Statistical QC Limits and/or Control Charts”, current revision.   
 
The use of statistical limits versus nominal limits is dependent on the client and 
project.  This information is communicated to the Organic Department Manager 
through the Katahdin project manager.  It is standard practice to use statistical limits 
for reporting purposes and to evaluate any QC criteria exceedances.   However, 
nominal limits of 30-150% may be used for some projects or states (i.e. South 
Carolina). For clients requiring DOD criteria, use acceptance limits specified by DOD 
or use in-house limits where none are specified. 
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The LCS recoveries for all analytes are evaluated.  All of the compounds of interest 
must fall within the established statistical limits or nominal limits with the following 
sporadic exceedance allowances, for DoD clients. 
 

# of Analytes # of Allowable Exceedances 
> 90 5 

71 – 90 4 
51 – 70 3 
31 – 50 2 
11 – 30 1 

<11 0 
 
If less than the number of allowable exceedances fail the statistical limits, no 
corrective action is needed.  If greater than the number of allowable exceedances fail 
the statistical limits, corrective action may be taken.  Corrective actions may vary with 
each situation.  However, in the case where the failures are high and the samples 
are non-detect for those compounds, then no corrective action is required.  
Otherwise, corrective action may involve reanalysis or recalibration. The specific 
corrective actions taken will rely on analyst experience to make sound scientific 
judgments while considering client objectives, other quality control indicators and/or 
the ability to reanalyze a sample within holding time. 
 
For non-DoD clients corrective action is only taken if greater than 10% of the 
analytes of interest are outside of the laboratory established acceptance limits. 

 
8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Criteria 

 
Matrix Spike and Matrix Spike Duplicates must be extracted and analyzed for each 
group of up to 20 samples of a similar matrix or similar concentration.  In the event 
insufficient sample volume is available an LCS/LCS Duplicate is extracted and 
analyzed in place of the MS/MSD. 
Statistical limits are compiled annually for MS/MSD recoveries for a short list of the 
spiked compounds (Acenaphthene, Pentachlorophenol and Pyrene).   Nominal limits 
of 30-130% are used for all other compounds. Generally, corrective action is only 
taken for the short list of the spiked compounds.  The specific corrective actions will 
rely on analyst experience to make sound scientific judgments while considering 
client objectives, other quality control indicators and/or the ability to reanalyze a 
sample within holding time. For clients requiring DOD criteria, use acceptance limits 
specified by DOD or use in-house limits where none are specified. 
 
A Corrective Action Report (CAR) must be filled out and filed if any criteria for 
percent recovery or relative percent difference are not met to document any 
decisions with reporting data. 
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9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 
The Limit of Quantitation (LOQ) is the minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence.  The LOQ shall be set at the lowest point in the calibration curve for all analyses 
utilizing an initial calibration.  LOQ’s must be verified quarterly for every preparation and 
analytical method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of Method 8270 for other method performance parameters 
and requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

"Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods."  SW-846, 3rd 
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Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, USEPA SW846, 
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TABLE 1 
 

QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action 

Check of mass 
spectral ion 
intensities using 
DFTPP 

Prior to initial 
calibration and 
calibration verification 

Refer to the criteria listed in 
Section 7.4  

Retune instrument, and verify 
 
 

Six-point initial 
calibration for 
all analytes 

Initial calibration 
prior to sample 
analysis 

RSD <30 for RFs of the CCCs; 
Average %RSD < 15% for all 
compounds.  Refer to section 
7.5.2.1 for more details. 

Repeat calibration if criterion is not 
met 
 

Independent 
calibration verification 

Once after Initial 
calibration 

± 20 % D 1) Reanalyze standard 
2) Reprep standard 
3) Reprep standard from fresh 

stock. 
Continuing calibration 
verification 

Once per each 12 
hours, prior to sample 
analysis 

CCCs < 20%D Repeat initial calibration and reanalyze 
all samples analyzed since the last 
successful calibration verification 

ISs Immediately after or 
during data 
acquisition of 
calibration check 
standard 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Inspect mass spectrometer or GC for 
malfunctions; mandatory reanalysis of 
samples analyzed while system was 
malfunctioning 

Demonstration of 
ability to generate 
acceptable accuracy 
and precision 

Once per analyst 
initially and annually 
thereafter 

All recoveries within method 
QC acceptance limits. 

Recalculate results; locate and fix 
problem; reextract/reanalyze P&A 
study for those analytes that did not 
meet criteria 

 Method blank One per  prep batch No analytes detected > PQL (1) Investigate source of 
contamination  
(2) Evaluate the samples and 
associated QC: i.e.If the blank results 
are above the PQL, report samples 
that are <PQL or > 10X the blank 
result.  Reprep a blank and the 
remaining samples. 

LCS for all analytes One LCS per prep 
batch 

Statistically derived from lab 
data or nominal limits 
depending on the project.  .  
See also section 8.4 of this 
SOP for more information on 
allowable exceedances. 

(1) Evaluate the samples and 
associated QC: i.e. If an MS/MSD was 
performed and acceptable, narrate.  If 
an LCS/LCSD was performed and only 
one was unacceptable, narrate.  If the 
surrogate recoveries in the LCS are 
low but are acceptable in the blank 
and samples, narrate.  If the LCS rec. 
is high but the sample results are 
<PQL, narrate.  Otherwise, reprep a 
blank and the remaining samples. 
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TABLE 1 (cont.) 
 

QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action 

Surrogate spike Every sample,  
control, standard,  
and method blank 

Statistically derived limits. (1) Check chromatogram for 
interference; if found, flag data  
(2) If not found, check instrument 
performance; if problem is found, 
correct and reanalyze 
(3) If still out reextract and analyze 
sample 
(4) If reanalysis is out, flag data 

MS/MSD One MS/MSD per  
every 20 samples 

Statistically derived from lab 
data or nominal limits 
depending on the project.  
Nominal limits are used as 
default limits.  

(1) Evaluate the samples and 
associated QC: i.e.  If the LCS results 
are acceptable, narrate. 
(2) If both the LCS and MS/MSD are 
unacceptable reprep the samples and 
QC. 

MDL and/or 
LOD/LOQ Verification 
study 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications”, current revision. 
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TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specific criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

NA. This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

LOQ 
establishment 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

Tuning Prior to ICAL 
and at the 
beginning of 
each 12-hour 
period. 

Refer to method for 
specific ion criteria. 

Retune instrument and 
verify. Rerun affected 
samples. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be accepted without 
a valid tune. 

Breakdown 
check (DDT 
Method 8270 
only) 

Correct 
problem then 
repeat 
breakdown 
check. 

Degradation ≤ 20% for 
DDT. Benzidine and 
pentachlorophenol should 
be present at their normal 
responses, and should 
not exceed a tailing factor 
of 2. 

At the beginning of 
each 12-hour period, 
prior to analysis of 
samples. 

Flagging criteria are not 
appropriate. 

No samples shall be run 
until degradation ≤ 20%. 

Minimum five-
point initial 
calibration 
(ICAL) for all 
analytes 

ICAL prior to 
sample 
analysis. 

1. Average response 
factor (RF) for SPCCs ≥ 
0.050.  
2. RSD for RFs for CCCs 
≤ 30% and one option 
below:  
Option 1: RSD for each 
analyte ≤ 15%;  
Option 2: linear least 
squares regression r ≥ 
0.995; Option 3: non-
linear regression–
coefficient of 
determination (COD) r2 ≥ 
0.99 (6 points shall be 
used for second order). 

Correct problem then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. Calibration may 
not be forced through the 
origin. 

Second source 
calibration 
verification 
(ICV) 

Once after 
each ICAL. 

All project analytes within 
± 20% of true value. 

Correct problem and 
verify second source 
standard. Rerun 
second source 
verification. If that fails, 
correct problem and 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 
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TABLE 2 (cont.) 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention time 
window 
position 
establishment 
for each 
analyte and 
surrogate 

Once per ICAL. Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed. On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA.   

Evaluation of 
relative 
retention times 
(RRT) 

With each 
sample. 

RRT of each target 
analyte within ± 0.06 RRT 
units. 

Correct problem, then 
rerun ICAL. 

Flagging criteria are not 
appropriate. 

Laboratories may update 
the retention times based 
on the CCV to account for 
minor performance 
fluctuations or after 
routine system 
maintenance (such as 
column clipping). With 
each sample, the RRT 
shall be compared with 
the most recently updated 
RRT. If the RRT has 
changed by more than 
±0.06 RRT units since the 
last update, this indicates 
a significant change in 
system performance and 
the laboratory must take 
appropriate corrective 
actions as required by the 
method and rerun the 
ICAL to reestablish the 
retention times. 

Continuing 
calibration 
verification 
(CCV) 

Daily before 
sample 
analysis and 
every 12 hours 
of analysis 
time. 

1. Average RF for SPCCs 
≥ 0.050.  
2. %Difference/Drift for all 
target compounds and 
surrogates ≤ 20%D  
(Note: D = difference 
when using RFs or drift 
when using least squares 
regression or non-linear 
calibration). 

DoD project level 
approval must be 
obtained for each of 
the failed analytes or 
corrective action must 
be taken. Correct 
problem, then rerun 
calibration verification. 
If that fails, then repeat 
ICAL. Reanalyze all 
samples since last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since last 
acceptable CCV. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples cannot 
be reanalyzed. 

Internal 
standards 
verification 

Every field 
sample, 
standard, and 
QC sample. 

Retention time ± 30 
seconds from retention 
time of the midpoint 
standard in the ICAL; 
EICP area within -50% to 
+100% of ICAL midpoint 
standard. 

Inspect mass 
spectrometer and GC 
for malfunctions. 
Reanalysis of samples 
analyzed while system 
was malfunctioning is 
mandatory. 

If corrective action fails in 
field samples, apply Q-
flag to analytes 
associated with the non-
compliant IS. Flagging 
criteria are not 
appropriate for failed 
standards. 

Sample results are not 
acceptable without a valid 
IS verification. 
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TABLE 2 (cont) 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater). Blank result 
must not otherwise affect 
sample results. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

LCS containing 
all analytes to 
be reported, 
including 
surrogates 

One per 
preparatory 
batch. 

The laboratory shall use 
laboratory control limits 
(CLs) or use DoD-
generated LCS CLs, if 
available depending on 
project requirements. In-
house CLs may not be 
greater than ± 3 times the 
standard deviation of the 
mean LCS recovery. A 
number of analytes may 
fall outside the CL but 
within marginal 
exceedance limit 
depending on the total 
number of analytes in the 
LCS. 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  Refer to 
Table G-1 for number 
of marginal 
exceedences allowed.  
Contact Client if 
samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike 
(MS) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

The laboratory shall use 
laboratory LCS CLs or 
use DoD-generated LCS 
CLs, if available 
depending on project 
requirements. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation only. 
If MS results are outside 
the LCS limits, the data 
shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix spike 
duplicate 
(MSD) or 
sample 
duplicate 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

MSD: For matrix 
evaluation, use laboratory 
LCS CLs or use DoD-
generated LCS CLs, if 
available depending on 
project requirements. 
MS/MSD: RPD ≤ 30%. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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TABLE 2 (cont) 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate spike All field and QC 
samples. 

The laboratory shall use 
laboratory surrogate CLs 
or use DoD-generated 
surrogate CLs, if available 
depending on project 
requirements. . 

For QC and field 
samples, correct 
problem then reprep 
and reanalyze all failed 
samples for failed 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary.  Contact 
Client if samples 
cannot be reprepped 
within hold time.  

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-213-11 
 

METHOD 8270, current revision 

Apparatus/Materials 
 
 
 

none  

Reagents 
 
 
 

none  

Sample preservation/ 
handling 
 
 

none  

Procedures 
 
 
 

none  

QC - Spikes 
 
 
 

none  

QC - LCS 
 
 
 

none  

QC - Accuracy/Precision 
 
 

none  

QC - MDL 
 
 
 

none  
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TABLE 4 
 

ANALYTE QUANITIATION AND INTERNAL STANDARDS 
 

Internal Standard:  1,4-dichlorobenzene-d4 2,4-Dinitrotoluene 
Target and Surrogates: 2,4-Dinitrophenol 

1,4-Dioxane 2,3,4,6-Tetrachlorophenol 
1,4-Dioxane-d8 (surrogate) Diethylphthalate 
Benzaldehyde 4-Chlorophenyl-phenyl ether 
Phenol 4,6-Dinitro-2-methylphenol 
bis(2-Chloroethyl)ether N-nitrosodiphenylamine 
2-Chlorophenol 2-Nitroaniline 
2-Methylphenol 3-Nitroaniline 
3&4-Methylphenol 4-Nitroaniline 
2,2'-Oxybis(1-chloropropane) Dibenzofuran 
Nitrobenzene 4-Nitrophenol 
Hexachloroethane  Internal Standard:  Phenanthrene-d10 
Acetophenone Target and Surrogates: 
N-nitroso-di-n-propylamine Pentachlorophenol 

Internal Standard:  Naphthalene-d8 1-Methylphenanthrene (dredge) 
Target and Surrogates: Phenanthrene 

Naphthalene Hexachlorobenzene (special) 
1-Methylnaphthalene (dredge) Anthracene 
2-Methylnaphthalene Fluoranthene 
2-Methylnaphthalene-D10 (surrogate) Carbazole 
Isophorone Di-n-butylphthalate 
2-Nitrophenol 4-Bromophenyl-phenyl ether 
2,4-Dimethylphenol Atrazine 
bis(2-Chloroethoxy)methane Internal Standard:  Chrysene-d12 
2,4-Dichlorophenol Target and Surrogates: 
4-Chloroaniline Butylbenzylphthalate 
Hexachlorobutadiene 3,3'-Dichlorobenzidine 
Caprolactam Pyrene 
4-Chloro-3-methylphenol Benzo(a)Anthracene 

Internal Standard:  Acenaphthene-d10 Chrysene 
Target and Surrogates: Bis-(2-ethylhexyl)phthalate 

1,1'-Biphenyl (dredge) Pyrene-d10 (surrogate) 
2,6 Dimethylnapthalene (dredge) Internal Standard:  Perylene-d12 
Acenaphthylene Target and Surrogates: 
Acenaphthene Perylene (dredge) 
Fluorene Benzo(b)fluoranthene 
2-Fluorene-d10 (surrogate) Benzo(k)fluoranthene 
2,4-Dibromophenol (surrogate) Benzo(e)pyrene (dredge) 
2-Chloronaphthalene Di-n-octylphthalate 
Hexachlorocyclopentadiene Benzo(a)pyrene 
2,4,6-Trichlorophenol Indeno(1,2,3-cd)pyrene 
2,4,5-Trichlorophenol Dibenz(a,h)anthracene 
Dimethylphthalate Benzo(ghi)perylene 
2,6-Dinitrotoluene  
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TABLE 5 
 

PROCEDURE CONDENSATION 
 

Clock 
 

12 hours from injection of 50ng DFTPP. 
 

Calibration Curve Criteria 
 

<30% RSD for CCCS 
<15% RSD average for all analytes in calibration standard 

 
Continuing Calibration Check Criteria 

 
<20% D for CCC compounds 

 
Additional QC 

 
LCS every extraction batch 
MS/MSD every 20 samples 
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TABLE 6 
 

SVOA COMPOUNDS AND CHARACERISTIC IONS 
 

COMPOUND PRIMARY ION SECONDARY 
IONS 

1,4-Dioxaned8 96 66 
1,4-Dioxane 88 58 
Benzaldehyde 77 105,106 
Phenol 94 65,66 
bis(2-Chloroethyl)ether 93 63,95 
2-Chlorophenol 128 64,130 
1,4-Dichlorobenzene-d4 (IS) 152 150,115 
2,2'-Oxybis(1-choropropane) 45 77,121 
2-Methylphenol 108 107,77 
Acetophenone 105 77,51 
N-nitroso-di-n-propylamine 70 52,101 
Hexachloroethane 117 201,199 
3&4-Methylphenol 108 107,77 
Nitrobenzene 77 123,51 
Isophorone 82 54,138 
2-Nitrophenol 139 109,81 
2,4-Dimethylphenol 107 122,121 
bis(2-Chloroethoxy)methane 93 63,123 
2,4-Dichlorophenol 162 164,98 
Naphthalene-d8 (IS) 136 137,134 
Naphthalene 128 129,127 
4-Chloroaniline 127 129 
Hexachlorobutadiene 225 223,227 
Caprolactam 113 55,56 
4-Chloro-3-methylphenol 107 77,142 
2,4-Dibromophenol (surr) 252 63,143 
2-Methylnaphthalene-d10 (surr) 152 150 
2-Methylnaphthalene 142 141,115 
1-Methylnaphthalene 142 141,115 
Hexachlorocyclopentadiene 237 235,239 
2,4,6-Trichlorophenol 196 198,200 
2,4,5-Trichlorophenol 196 198,200 
2-Chloronaphthalene 162 127,164 
1,1'-Biphenyl 154 153,76 
2-Nitroaniline 65 92,138 
Dimethylphthalate 163 194,164 
2,6-Dinitrotoluene 165 63,89 
Acenaphthylene 152 151,153 
Acenaphthene 152 154,152 
Acenaphthene-d10 (IS) 164 162 
3-Nitroaniline 138 65,92 
2,4-Dinitrophenol 184 107 
Dibenzofuran 168 139 
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TABLE 6 (cont.) 
 

SVOA COMPOUNDS AND CHARACERISTIC IONS 
 

2,4-Dinitrotoluene 165 63 
4-Nitrophenol 109 139,65 
2,3,4,6-Ttrachlorophenol 232 230 
Diethylphthalate 149 177,176 
Fluorene-d10 (surr) 176 174,178 
Fluorene 166 165 
4-Chlorophenyl-phenyl ether 204 206,141 
4-Nitroaniline 138 108,65 
4,6-Dinitro-2-methylphenol 198 121 
N-nitrosodiphenylamine 169 168,167 
4-Bromophenyl-phenyl ether 248 250,141 
Hexachlorobenzene 284 142,249 
Atrazine 200 173,215 
Pentachlorophenol 266 264,268 
Phenanthrene-d10 (IS) 188 189 
Phenanthrene 178 179,176 
Anthracene 178 179,176 
Carbazole 167 166,139 
Di-n-butylphthalate 149 150,104 
Fluoranthene 202 200,203 
Pyrene 202 200,201 
Pyrene-d10 (surr) 212 210,106 
Butylbenzylphthalate 149 91,206 
Benzo(a)anthracene 228 229,226 
Chrysene-d12 (IS) 240 236,120 
3,3-Dichlorobenzidine 252 254,126 
Chrysene 228 226,229 
bis(2-Ethylhexyl)phthalate 149 167 
Di-n-octylphthalate 149 150 
Benzo(b)fluoranthene 252 253,125 
Benzo(k)fluoranthene 252 253,125 
Benzo(a)pyrene 252 253,250 
Perylene-d12 (IS) 264 260 
Indeno(1,2,3-cd)pyrene 276 277 
Dibenzo(a,h)anthracene 278 279 
Benzo(g,h,i)perylene 276 277 

 
Primary ions must not be changed except in unusual instances where interference occurs with a co-eluting non-target 
analyte. In this case, a secondary ion may be used for quantitation with the following rules: 
 
(1)  The corresponding standard(s) (initial calibration curve and continuing calibration standard) must be re-quantitated with 
the secondary ion. 
(2)  Approval must be obtained from the Organic Department Manager or the laboratory Operations Manager. 
 
The quantitation ion must then be changed back to the one specified in the table above after quantitation of the samples(s). 
 
Secondary ions are recommended only and may be changed depending upon instrument conditions (sensitivity, etc.). 
However, it is Katahdin policy that a minimum of 2 ions (primary and one secondary) be used for all GC/MS analyses. 
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FIGURE 1 
 

EXAMPLE OF RUNLOG LOGBOOK PAGE 
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FIGURE 2 
 

EXAMPLE OF GC/MS STANDARDS RECEIPT LOGBOOK ENTRY 
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FIGURE 3 
 

EXAMPLE OF SVOA STANDARDS PREPARATION LOGBOOK ENTRY 
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ADDENDUM 1 
 

LOW LEVEL 1,4-DIOXANE ANALYSIS 
 

The following are differences from the standard 8270 C or D SIM analysis: 
 
GC Operating Conditions -  

 
GC/MS Operating Conditions – Calibration and Samples 
Column temperature program 35°C for 4 min. to 300°C for 12°/min. 
Final column temperature hold 300°C 

Run time 
32 minutes (time may vary dependent upon column 
length)  

Scan start time 
2.0-3.0 minutes (time may vary dependent upon column 
length)  

Sample volume 2 uL 
 

Stock Standards – 1,4-Dioxane and 1,4-Dioxane each at 20 ug/mL 
 
Calibration Standards – Use the above stock standards to prepare calibration standards at 
concentrations 0.25 ug/mL, 0.50 ug/mL, 1.0 ug/mL, 2.0 ug/mL, 4.0 ug/mL and 6.0 ug/mL.  The 1.0 
ug/mL is also the continuing calibration verification standard. 
 
Sample analysis – Add 1 uL of internal standard (Section 5.3.2.4) aliquot of sample. 
 
The ions for 1,4-Dioxane are 96 and 64. 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedures utilized by Katahdin Analytical 
Services, Inc. laboratory personnel for the preparation of aqueous samples prior to analysis 
for pesticides/PCBs by GC/ECD. It includes extraction of water samples by separatory 
funnel and continuous liquid-liquid extraction methods (EPA Methods 3510 and 3520. 

 
1.1 Definitions 
 
 METHOD BLANK (laboratory reagent blank): An artificial sample designed to 

determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus.  For aqueous samples, reagent water is 
used as a blank matrix; for soil samples, baked organic-free sand is used as a blank 
matrix.  The blank is taken through the appropriate steps of the process. 

 
 LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 

analyte(s) from an independent source, and is analyzed exactly like a sample.  Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements.  The matrix used 
should be phase matched with the samples and well characterized. 

 
 MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 

stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  Samples are split into duplicates, spiked and analyzed.  
Percent recoveries are calculated for each of the analytes detected.  The relative 
percent difference between the samples is calculated and used to assess analytical 
precision. 

 
 SURROGATES: Organic compounds which are similar to analytes of interest in 

chemical composition, extraction and chromatography, but which are not normally 
found in environmental samples.  These compounds are spiked into all blanks, 
standards, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 

  
1.2 Responsibilities 
 
 This method is restricted to use by, or under the supervision of, analysts 

experienced in the extraction of aqueous samples for pesticides/PCBs analysis. 
Each analyst must demonstrate the ability to generate acceptable results with this 
method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training”. 

 
 It is the responsibility of all Katahdin personnel involved in the preparation of 

aqueous samples for pesticides/PCBs analysis to read and understand this SOP, 
adhere to the procedures outlined, and to properly document their data in the 
appropriate lab notebook. Any deviations from the test or irregularities with the 
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samples should also be recorded in the lab notebook and reported to the 
Department Manager or designated qualified data reviewer responsible for the data. 

 
 It is the responsibility of the Department Manager to oversee that members of their 

group follow this SOP, that their work is properly documented and to initiate periodic 
review of the associated logbooks.  

 
1.3 Safety 
 
 Users of this procedure must be cognizant of inherent laboratory hazards, proper 

disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs for all the materials used in this procedure. 

 
 Each qualified analyst or technician must be familiar with Katahdin Analytical 

Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves and 
lab coats when working with chemicals or near an instrument and not taking food or 
drink into the laboratory. Each analyst should know the location of all safety equipment. 
Each analyst shall receive a safety orientation from their supervisor, or designee, 
appropriate for the job functions they will perform.  

 
1.4 Waste Disposal 
 
 Wastes generated during the preparation of samples must be disposed of in 

accordance with the procedures described in the current revision of the Katahdin 
Hazardous Waste Management Plan and Safety Manual and SOP SD-903, “Sample 
Disposal,” current revision. Expired standards are lab packed, placed in the 
Katahdin hazardous waste storage area, and disposed of in accordance with this 
SOP. 

 
 Any methylene chloride solvent waste generated during the rinsing of glassware etc. 

should be disposed of in the “D” waste stream satellite accumulation area nearest 
the point of generation.  This includes the methylene chloride waste layer generated 
during CLLE extraction.  Special care should be taken to pour this layer off into the 
appropriate waste stream, leaving the sample waste to be disposed of as follows.  
Since Pesticide/PCB samples are at a neutral pH, SEP funnel or CLLE sample 
waste may be dumped into either the “N-Hi” or “N-low” satellite accumulation area. 
Acetone and hexane are considered flammable waste, and should be disposed of in 
the “O” waste stream satellite accumulation area nearest the point of generation.  
Acid waste generated during the cleanup of PCB samples should be disposed of in 
the “O” satellite accumulation area nearest the point of generation.  Please refer to 
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the current revision of SOP CA-107 for the location of satellite waste accumulation 
areas 

   
 
2.0 SUMMARY OF METHOD 
 
 Pesticides/PCBs are extracted from aqueous samples using methylene chloride and 

separatory funnel or continuous liquid-liquid apparatus, following EPA Methods 
3510 and 3520. The methylene chloride is exchanged with hexane for the final 
extract. Method detection limit studies must be performed annually for 
pesticides/PCBs using all extraction methods, if the extraction lab wishes to use 
either or all techniques. Method 3510 (separatory funnel) is generally preferred for 
pesticides/PCBs since organochlorine pesticides may dechlorinate if under elevated 
pH conditions for an extended period of time. (Section 3.2, Method 3510B, Rev. 2, 
9/94) 

   
 
3.0 INTERFERENCES 
 
 Solvents, reagents, glassware, and other sample preparation apparatus may yield 

interferences to GC analysis due to the presence of contaminants. These 
contaminants can lead to discrete artifacts or elevated baselines in chromatograms. 
Routinely, all of these materials must be demonstrated to be free from interferences 
under the conditions of the analysis by running reagent blanks. Interferences caused 
by phthalate esters can pose a major problem in pesticide analysis. Common flexible 
plastics contain varying amounts of phthalates which are easily extracted during 
laboratory operations, so cross-contamination of glassware frequently occurs when 
plastics are handled. Interferences from phthalates can best be minimized by avoiding 
the use of such plastics in the laboratory. At no time may gloves which have not been 
tested for phthalates or gloves known to contain phthalates be used or stored in the 
organic extraction lab. Additionally, whenever possible plastic items in this lab must be 
replaced with metal or Teflon or other non-phthalate plastic substitute. 

 
 Special care should be taken to ensure clean glassware and apparatus are used, 

pre-rinsed with the appropriate solvent prior to use. Solvents should be analyzed 
prior to use to demonstrate that each lot is free of contaminants that may interfere 
with the analysis. 

 
 Interferences coextracted from the samples will vary considerably from source to 

source. If analysis of an extracted sample is prevented due to inteferences, further 
cleanup of the sample extract may be needed to minimize interferences. 
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4.0 APPARATUS AND MATERIALS 
 

Prior to use, all glassware must be rinsed three times with the solvent to be used for 
extraction. 

 
4.1 Separatory Funnel - 2000 mL capacity, Nalgene Teflon FEP separatory funnels with 

Nalgene Tefzel® screw-cap closures (or equivalent) 
 
4.2 Concentrator tube - 10 mL, graduated 
 
4.3 Evaporative flask - Kuderna-Danish, 500 mL capacity attached to concentrator with 

neck clips  
 
4.4 Snyder column - Kuderna-Danish, three ball macro 
 
4.5 Graduated cylinders - 100 mL, 1000 mL, or 2000 mL 
 
4.6 Short Stem Funnels 
 
4.7 250 mL amber collection bottles with Teflon-lined caps 
 
4.8 12 mL and/or 16 mL glass vials with Teflon-lined caps 
 
4.9 Continuous liquid-liquid extractors (CLLE) including body, 500 mL flat bottom boiling 

flask and Alhin condensers 
 
4.10 Filter paper, 18.5 cm, Fisherbrand or Whatman 114V (or equivalent) 
 
4.11 Nitrogen evaporation apparatus. 
 
4.12 Boiling chips - approximately 10/40 mesh, Teflon or selenized carborundum, 12 

mesh (or equivalent).  Cleaned by Soxhlet. 
 
4.13 Water bath - eight position concentric ring bath or equivalent, equipped with a 

calibrated thermometer. 
    
 
5.0 REAGENTS 
 

5.1 Laboratory reagent grade water - water in which an interferent is not observed at or 
above the PQL for any parameter of interest (carbon filtered ASTM Type II water or 
equivalent)  

 
5.2 Sodium Hydroxide (10N) – Purchased from vendor, “Baker-analyzed”, or equivalent 
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5.3 Sodium Sulfate (ACS) - Granular, anhydrous. Bake at 400°C for 4 hours (may be 
done by vendor). Purify by rinsing three times with pesticide grade methylene 
chloride. Allow residual methylene chloride to evaporate before use. Stored in a 
Teflon capped glass bottle. 

 
5.4 Sulfuric acid solution (1:1 H2SO4 : H2O) – Prepared in an icebath by slowly adding a 

volume of concentrated H2SO4 to an equivalent volume of reagent water and swirl 
gently to mix.  Caution should be taken when adding the acid to the water as the 
reaction is highly exothermic. Prepare as needed and store in a ground glass 
stoppered bottle. 

 
5.5 Methylene Chloride (MeCL2) - Pesticide grade or better. Lot must be verified by 

concentrating 300-400 mL to 1.0 mL and evaluating by GC/MS. 
 
5.6 Acetone and Hexane - Pesticide grade or better. Lot must be verified by 

concentrating approximately 20-30 mL to 1.0 mL and evaluating by GC/ECD.  
 

5.7 Pesticide/PCB Surrogate spiking solution - Prepare a solution of decachlorbiphenyl 
(DCB) and tetrachloro-meta-xylene (TCMX) at a concentration of 1.0 ug/mL ea in 
acetone. Store the solution at –10 to -20 °C in a Teflon sealed container. Solution 
must be verified by GC/ECD prior to use, and must be replaced every 6 months or 
sooner if degradation is evident. 

 
5.8 Pesticide Matrix Spike/Lab Control Sample spiking solution - Prepare a matrix 

spiking solution in pesticide grade methanol that contains all target analytes listed 
below: 

  
ANALYTE ug/mL 
4,4’-DDT 0.5 
4,4’-DDD 0.5 
4,4’-DDE 0.5 
Aldrin 0.5 
Dieldrin 0.5 
Endrin 0.5 
Endrin Aldehyde 0.5 
Endrin Ketone 0.5 
Endosulfan I 0.5 
Endosulfan II 0.5 
Endosulfan Sulfate 0.5 
alpha-BHC 0.5 
beta-BHC 0.5 
delta-BHC 0.5 
gamma-BHC (Lindane) 0.5 
Heptachlor 0.5 
Heptachlor epoxide 0.5 
Methoxychlor 0.5 
alpha-Chlordane 0.5 
gamma-Chlordane 0.5 
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5.9 PCB Matrix Spike/Lab Control Sample spiking solution - Prepare a matrix spiking 
solution in pesticide grade acetone that contains 5.0ug/ml ea of Aroclor® 1016/1260 
mix (Restek catalog# 32039). 

 
5.10 Store the spiking solutions at –10 to -20 °C in a Teflon sealed container. The 

solutions must be verified by GC/ECD prior to use, and must be replaced every 6 
months or sooner if degradation is evident. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Samples are collected in 1 L amber bottles and held at 4 (±2) °C until time of extraction. 
 
The holding time for the extraction of aqueous pesticide samples for Methods 3510 and 
3520 is 7 days from date of sample collection.  
 
The holding time for the extraction of aqueous PCB samples by methods 3510 and 3520 is 
30 Days   
 
Note: SW-846 8082A does not specify a holding time to extraction; 30 days is presented 
here as a conservative limit.  The method recommends a holding time of 40 days from 
extraction to analysis for extracts stored under refrigeration in the dark; but also refers to 
SW846 Chapter 4, which specifies that there is no holding time for PCBs.  Additionally, SW-
846 states that the holding times listed in the method under the conditions listed (apparently 
referring to storage of extracts) may be as long as a year. 
 
 Holding times may be dictated by a project specific Quality Assurance Project Plan (QAPP), 
in a program specific Quality Systems Manual (QSM) or by a regulating body.  If a project 
requires a holding time that is not specified above it must noted in the analysis notes of the 
workorder. 

   
 
7.0 PROCEDURES 

 
The following information must be recorded in the extraction logbook. 
 
• Extraction method 
• Surrogate and spike IDs 
• Lot numbers of all solvents, acids and bases, sodium sulfate, filter paper 
• Nitrogen evaporation water bath temperature 
• Sample pH if applicable 
• Extraction and Concentration dates 
• Extraction and Concentration analyst 
• Sample ID or QC sample ID 
• Initial and final volumes or weight 
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• Surrogate and spike amounts 
• Any sample cleanup preformed 
• Final extract tray location 
• Any comments regarding the sample extraction (ie. Emulsion) 
• Prep batch start time and end time 
• CLLE start time and end time 

 
SEPARATORY FUNNEL SAMPLE EXTRACTION 
 
If an emulsion prevents acceptable recovery or client history indicates samples may 
demonstrate matrix interence, then samples should be extracted by continuous liquid-liquid 
extraction (CLLE). 
 
7.1 Prerinse all glassware three times with methylene chloride prior to use. 
 
7.2 Label a 2 L Teflon separatory funnel and a 250 mL amber collection bottle clearly. 

Label should include laboratory sample number, matrix, analyte, and extraction 
date.  Be sure that the detachable stopcocks are secured to the separatory funnels 
before adding samples. 

 
7.3 Measure the initial volume by comparing the meniscus of the sample with the 

reference bottle of the same bottle type.  Please refer to SOP CA-108, “Basic 
Laboratory Technique”, for the reference bottle verification procedure. Record the 
volume and any notable characteristics (e.g. color, presence of sediment, or odor) in 
the extraction logbook. Transfer the contents of the sample bottle to a 2 L 
separatory funnel.   

 
7.4  Transfer 1 L of laboratory reagent grade water to a 2 L separatory funnel. This 

serves as a method blank for the extraction batch. A method blank must be 
prepared for every daily extraction batch of twenty or fewer samples. 

 
7.5  Transfer 1 L of laboratory reagent grade water to a 2 L separatory funnel for each 

analysis to be performed (pesticide and/or PCB). This will serve as a Laboratory 
Control Sample (LCS). When Pesticides and PCBs are extracted together, a LCS 
and LCSD set must be extracted for each analysis. An LCS is required for every 
daily extraction batch of twenty or fewer samples and each analysis.  If an MS/MSD 
pair is not extracted on a particular day, an LCS/LCSD pair may be required in order 
to meet client-specific or program-specific requirements.  This information will be 
disseminated from the project manager or Department Manager. 

 
7.6  A matrix spike/matrix spike duplicate (MS/MSD) is to be prepared as requested by a 

client or, at a minimum, one pair per 20 samples.  An MS/MSD will be analyzed only 
if enough sample has been provided by the client.  Additionally, in the event that the 
batch MS/MSD requirement cannot be fulfilled, a laboratory control spike duplicate 
must be analyzed. Transfer two additional 1 L aliquots of sample to 2 L separatory 
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funnels for a matrix spike and matrix spike duplicate (MS/MSD) for each analysis.  
When Pesticides and PCBs are extracted together, a MS and MSD set must be 
extracted for each analysis. Note:  Sufficient sample volume should be available 
without depleting all remaining sample aliquots. 

 
7.7  Check the pH of the samples. If it is not between pH 5 and 9, adjust the pH with 10N 

sodium hydroxide or 1:1 sulfuric acid solution. Note the addition of NaOH or H2SO4 
in the extraction logbook. 

 
7.8  Using a gas-tight syringe, add 1.0 mL of surrogate spiking solution to all samples 

the blank, LCS/LCSD(s) and MS/MSD(s), if performed. 
 
7.9  Using a gas-tight syringe, add 1.0 mL of pesticide or PCB matrix spiking solution to 

the appropriate LCS, LCSD, MS and MSD if performed. 
 
7.10  To each empty sample bottle add 60 mLs of methylene chloride, rinse the bottle and 

transfer the solvent into the appropriate separatory funnel. Add 60 mL of methylene 
chloride directly to the blank and LCS/LCSD(s). 

 
7.11  Ensure that each screw cap is secured tightly to the separatory funnel to prevent 

leaks.  Shake briefly and vent in hood to release pressure.  Extract the sample by 
shaking the funnel on mechanical shaker for 3 minutes. Allow phases to separate 
for at least 10 minutes. Drain the methylene chloride layer into the 250 mL amber 
collection bottle. 

 
7.12  If an emulsion forms, mechanical techniques must be employed to achieve 

maximum separation and solvent recovery. Such means include swirling and 
centrifugation and draining through a small separatory funnel. In certain instances, 
transferring the entire sample into a continuous liquid-liquid extractor may be the 
only alternative. If any such techniques are used, they must be noted in the 
extractions logbook. 

 
7.13  Add a second 60 mL aliquot of methylene chloride to the separatory funnel and 

extract for the second time (see 7.11 - 7.13). Collect the methylene chloride layer in 
the same 250 mL amber collection bottle. 

 
7.14  Repeat the extraction for a third time as described in 7.11 - 7.13. 
 
7.15  Proceed to Section 7.30 for extract concentration procedures. 
 
CONTINUOUS LIQUID-LIQUID SAMPLE EXTRACTION (CLLE) 
 
7.16  Set up the CLLE apparatus.  All glassware should be rinsed three times with 

methylene chloride and the extract flasks properly labeled.   
 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-515-09 
STANDARD OPERATING PROCEDURE Date Issued: 05/13 
 Page 12 of 20 
   
 
TITLE: PREPARATION OF AQUEOUS SAMPLES FOR PESTICIDES/PCBs ANALYSIS 
  
 

7.17  Add 2-3 boiling stones to the round bottom flask and approximately 500 - 600 mL of 
methylene chloride to the CLLE body. 
 

7.18  Add 1 L laboratory reagent grade water to a CLLE body. This is the method blank 
for this extraction batch. Be sure that no water leaks into the round bottom flask. A 
method blank is required for every extraction batch of twenty or fewer samples. 

 
7.19  Measure the initial volume by comparing the meniscus of the sample with the 

reference bottle of the same bottle type.  Please refer to SOP CA-108, “Basic 
Laboratory Technique”, for the reference bottle verification procedure. Record the 
volume and any notable characteristics (e.g. color, presence of sediment, or odor) in 
the extraction logbook. Transfer the sample to a CLLE body, being sure that no 
water leaks into the round bottom flask. 

 
7.20  Prepare an LCS for every daily extraction batch of twenty or fewer samples and 

each analysis (pesticide and/or PCB). Add 1 L of laboratory reagent grade water to 
a CLLE body. If an MS/MSD pair is not extracted on a particular day, an LCS/LCSD 
pair may be required in order to meet client-specific or program-specific 
requirements.  This information will be disseminated from the project manager or 
Department Manager.  When Pesticides and PCBs are extracted together, a LCS 
and LCSD set must be extracted for each analysis. 

 
7.21  Check the pH of the samples. If it is not between pH 5 and 9, adjust the pH with 10N 

sodium hydroxide or 1:1 sulfuric acid solution. Note the addition of NaOH or H2SO4 
in the extraction logbook. 

 
7.22  Transfer two 1 L portions of a sample to CLLE bodies for each analysis for 

preparation of a matrix spike/matrix spike duplicate if required.  An MS/MSD is 
required if requested by the client or per 20 samples, whichever occurs first.  When 
Pesticides and PCBs are extracted together, a MS and MSD set must be extracted 
for each analysis.  Note:  Sufficient sample volume should be available without 
depleting all remaining sample aliquots. An MS/MSD will be analyzed only if enough 
sample has been provided by the client.  Additionally, in the event that the batch 
MS/MSD requirement cannot be fulfilled, a laboratory control spike duplicate must 
be analyzed. 

 
7.23  For each sample, rinse the original sample container with approximately 30 mL of 

methylene chloride. Add this rinse to the CLLE body. 
 

7.24  Add 1.0 mL of the Pesticide/PCB Surrogate Spike to each sample including the 
blank, LCS/LCSD and MS/MSD, if performed. 

 
7.25  Add 1.0 mL of Pesticide or PCB Matrix Spike to the appropriate LCS/LCSD and 

MS/MSD pair, if performed, and stir. 
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7.26  Attach cooling water Allihn condensers, after first rinsing each 45/50 joint with 
methylene chloride.  Turn on the heating mantles and allow the samples to extract 
for at least 18 hours, total extract time may go up to 20 hours. Turn off the mantles 
and let samples cool. 

 
7.27  Proceed to Section 7. 30 for sample extract concentration procedures. 

 
CONCENTRATION OF WATER SAMPLE EXTRACTS 

 
7.28 Rinse the K-D glassware (flask, concentration tube, funnel and Snyder column, 

including the ground glass joints on the flask and columns) three times with 
methylene chloride (or hexane for samples extracted with the Autoextractor) before 
assembling.  Add two boiling chips to the K-D.   Insert fluted 18.5 cm filter papers 
into short stem powder funnels and add ~ 2 inches of sodium sulfate crystals.  Rinse 
the sodium sulfate in the assembled funnels with ~20-30 mLs of methylene chloride 
(hexane for samples extracted with the Autoextractor).  Place the assembled K-D’s 
under the funnels. 

 
7.29 For methylene chloride extracts, add approximately 50 mL Hexane to funnel and let 

drain through.  Since methylene chloride has a lower boiling point than Hexane, this 
will result in a final extract in hexane only.   

 
Note:  For Pesticide / PCB samples originating from South Carolina (see worknotes) 
do not add the hexane at this step. Solvent exchange will be during the nitrogen 
blow down procedure. 

 
7.30 Transfer the methylene chloride or hexane extracts to the K-D concentrator setups 

through the sodium sulfate in the funnels.  This is the drying step, which is required 
to remove residual water from the extracts.  Any large water layers must be 
removed by other means, prior to pouring through the sodium sulfate.  After pouring 
all of the extract volume through the sodium sulfate, rinse the extract bottle three 
times with ~ 2 – 3 mLs of methylene chloride (or hexane for samples extracted with 
the Autoextractor).  Add the rinsings through the sodium sulfate to complete a 
quantitative transfer.  Rinse the sodium sulfate with ~ 15 mLs of methylene chloride 
(or hexane for samples extracted with the Autoextractor) and allow to drain. 

 
7.31 Transfer the labels from the collection bottles or round bottom flasks (from the CLLE 

extraction) to the K-Ds. Remove the funnel and attach a 3-ball macro Snyder 
column. Pre-wet the Snyder column with 1 mL of methylene chloride (or hexane for 
samples extracted with the Autoextractor). 

 
7.32 Place the K-D in a hot water bath (85-90°C). Gently swirl K-D in the water until 

boiling begins. At the proper distillation rate, the Snyder balls should chatter but the 
chambers should not flood with condensed solvent. The K-D should be kept in a 
vertical orientation while on the bath.  When the apparent volume in the 
concentrator tube reaches ≈ 5-6 mL, remove the K-D from the water bath. Allow the 
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K-D to cool for 10 minutes. Rinse the Snyder column lower joint with ≈ 1 mL of 
hexane (methylene chloride for samples that have not gone through solvent 
exchange (ie. South Carolina samples). Remove the Snyder column. Wipe off any 
water from the neck above the lower joint of the flask. Separate the K-D flask from 
the concentrator tube, rinsing the ground glass joint with ≈ 1 mL hexane. 

 
7.33 Reduce the extracts to ≈ 1 mL using Nitrogen blow-down apparatus.  The bath 

temperature must be no higher than the boiling point of the solvent (45 °C for 
hexane). Turn the gas to 3 psi. Be careful not to splash the extract out of the tube. 
During concentration on the N-evap, the internal wall of the concentrator tube and 
the N-evap sparging pipet must be rinsed down at least once or twice with ≈1 mL of 
hexane (methylene chloride for samples not yet solvent exchanged). The solvent 
level in the concentrator tube must be positioned below the level of the water bath 
as much as possible to prevent water from condensing into the sample extract. As 
the extract volume is reduced, lower the N2 sparging needle closer to the surface of 
the extract to expedite the concentration. Note any problems or extract losses, if 
they occur, in the extractions logbook. Transfer extract to a 12 or 16 mL vial.  Using 
a reference vial for volume comparison, adjust the final extract volume to 10 mL by 
rinsing sides of tube with hexane and transferring rinsings to vial.   

 
7.34 For samples that still need to be solvent exchanged, reduce the methylene chloride 

extract to ~ 1 mL.  Add 10 mL of hexane to the concentrator tube and reduce to ~ 1 
mL again on the N-evap.  Adjust final extract to 10 mL by rinsing sides of tube with 
hexane and transferring rinsings to vial.   

 
7.35 If at any point in the concentration procedure the concentrator tube goes dry – 

reextract the sample immediately. 
 

7.36 Transfer the label from the concentrator tube to the vial.  Store extract vials at a 
temperature of 4 ± 2 °C until ready for analysis.  Indicate in the extractions logbook 
the box number and “tray location” of the individual extract vials. 

 
7.37 All sample extracts for 8082 PCB analysis must undergo a sulfuric acid wash 

(cleanup) prior to analysis.  All sample extracts for 8081 pesticide analysis do not 
undergo further cleanup unless requested by the client.  Therefore, all sample 
extracts for combined 8081/8082 analyses must be split.  Prior to splitting, mix 
contents of vial well.  One portion must be acid cleaned for 8082 analysis.  The 
associated method blank must be split and acid-cleaned in the same fashion.  PCB 
LCSs and matrix spikes are acid cleaned also.  Pesticide LCSs and matrix spikes 
are not subjected to further cleanup.  Please refer to Katahdin SOP CA525 (current 
revision), Extract Cleanup Using Sulfuric Acid, for further instructions.  

   
 
 
 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-515-09 
STANDARD OPERATING PROCEDURE Date Issued: 05/13 
 Page 15 of 20 
   
 
TITLE: PREPARATION OF AQUEOUS SAMPLES FOR PESTICIDES/PCBs ANALYSIS 
  
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

Each extractions analyst must demonstrate proficiency in performing the extractions that 
prepare samples for analysis.  Demonstration consists of preparation (extraction), by the 
analyst, of at least four aliquots which are then analyzed according to the analytical method in 
question.  These QC samples must meet all quality control acceptance limits.  Demonstration 
must be documented by use of a form which summarizes the results of the analysis of these 
aliquots, calculated percent recoveries, and standard deviation.  Demonstration of proficiency 
must be done one time per analyst initially and then annually thereafter. Refer to SOPs QA-
805 and QA-807, current revision. 
 
If, upon analysis of the extracted samples, it is discovered that quality control acceptance 
criteria have not been met, all associated samples must be evaluated against all the QC.  In 
some cases data may be reported, perhaps with narration, while in other cases, other 
corrective action may be taken.  The corrective actions may include re-extraction of the 
samples associated with the quality control sample that did not meet acceptance criteria, or 
may include making new reagents and standards if the standardization is suspect.  These 
decisions are based on holding time considerations, client and project specific Data Quality 
Objectives and on review of chromatograms.  The supervisor, Operations Manager, and/or 
Quality Assurance Officer may be consulted to evaluate data.  Some samples may not be able 
to be reanalyzed within hold time.  In these cases “qualified” data with narration may be 
advisable after consultation with the client. 
 

 Much of the work performed at the lab is analyzed in accordance with specific QC 
requirements spelled out in a project specific Quality Assurance Project Plan (QAPP) or in a 
program specific Quality Systems Manual (QSM).  The reporting limits, acceptance criteria 
and/or corrective actions may be different than those specified in this SOP.  In these cases the 
appropriate information will be communicated to the Department Manager and/or senior 
chemists before initiation of the analyses so that specific product codes can be produced for 
the project.  In addition, the work order notes for each project will describe the specific QAPP 
or QSM to be followed. 

 
A method blank must be extracted for each and every item listed below: 

 
- Each day of extraction (24 hours midnight - midnight) 
- Each extraction method 
- Every 20 samples extracted in a 24-hour period 
 
A laboratory control sample (LCS) is required for each and every item listed below: 

 
- Each extraction method 
- Every extraction batch of twenty or fewer samples 
- Each analysis (pesticide and/or PCB) to be performed 
 
Refer to the current revision of the applicable Katahdin SOP for analysis of Pesticides and 
PCBs for quality control acceptance criteria. 
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9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every 
applicable instrument on a quarterly basis.  
 
The Limit of Quantitation (LOQ) is the minimum levels, concentrations, or quantities of a 
target variable (e.g., target analyte) that can be reported with a specified degree of 
confidence.  The LOQ shall be set at the lowest point in the calibration curve for all 
analyses utilizing an initial calibration.  LOQ’s must be verified quarterly for every 
preparation and analytical method combination and on every applicable instrument on a 
quarterly basis for all parameters included in the DoD Scope of Accreditation.  The LOQ 
must be verified at least once annually if the analysis is not included in the DoD Scope of 
Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of the analytical SOP for other method performance 
parameters and requirements. 

 
   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, Methods 3510C 
and 3520C, USEPA SW-846, Third Edition, Final Update III, December 1996. 
 
40 CFR 136, Appendix A, “Test Procedures for Analysis of Organic Pollutants,” Method 
608, June, 1998 edition. 

 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010. 
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TABLE 1 
 

SUMMARY OF METHOD MODIFICATIONS (METHOD 3510, current revision) 
 
TOPIC KATAHDIN SOP CA-515-09 METHOD 3510, current revision 
Apparatus/Materials 
 
 
 

1. 12 or 16 mL vials used for final extract 
2. 250 mL amber bottle or flask used 
3. 1.0 mL syringe 
4. short stem funnels 

1. 2 mL vials used for final extract 
2. 250 mL Erlenmeyer flask 
3. 5.0 mL syringe 
4. drying column 

Reagents 
 

  

Sample preservation/ 
handling 
 
 
 

1. entire contents of 1 L sample bottle 
transferred to separatory funnel 

1. one liter graduated cylinders used to 
transfer initial sample volume to 
separatory funnel 

Procedures 
 
 
 

1. extract collection in amber bottle or 
Erlenmeyer flask 

2. extract dried using Na2SO4 in short 
stem funnels  

3. no apparatus height specification for 
concentration on water bath 

4. sample removed from water bath when 
volume reaches ~10 mL 

5. hexane added directly to K-D body at 
start of concentration process (this 
modification is not allowed for samples 
originating from South Carolina). 

1. extract collection in Erlenmeyer flask 
2. extract dried using Na2SO4 in drying 

columns 
3. partially immerse concentrator tube in 

water and lower apparatus to complete 
concentration in 10-15min 

4. sample removed from water bath when 
volume reaches 1-2 mL 

5. solvent exchange via large K-D with 
addition of 50 mL hexane after 
concentrating methylene chloride 
extract to 1 mL 

QC - Spikes 
 

  

QC - LCS 
 

  

QC - Accuracy/Precision 
 

  

QC - MDL 
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS (METHOD 3520, current revision) 
 

TOPIC KATAHDIN SOP CA-515-09 METHOD 3520, current revision 
Apparatus/Materials 
 
 
 

1. short-stem funnels 
2. 12 or 16 mL vials used for final extract 

1. drying columns 
2. 2 mL vials used for final extract  

Reagents 
 

  

Sample preservation/ 
handling 

1. entire contents of 1 L sample bottle 
transferred to CLLE 

1. one liter graduated cylinders used to 
tranfer initial sample volume to CLLE 

 
Procedures 
 
 
 

1. CLLE for 18 + 2 hours 
2. extract dried using Na2SO4 in short 

stem funnels 
3. no apparatus height specification for 

concentration on water bath 
4. sample removed from water bath 

when volume reaches ~10 mL 
5. hexane added directly to K-D body at 

start of concentration process (this 
modification is not allowed for 
samples originating from South 
Carolina). 

1. CLLE for 18-24 hours 
2. extract dried using Na2SO4 in drying 

columns 
3. partially immerse concentrator tube in 

water and lower apparatus to complete 
concentration in 10-15min 

4. sample removed from water bath when 
volume reaches 1-2 mL 

5. solvent exchange via macro K-D with 
addition of 50 mL hexane after 
concentrating methylene chloride 
extract to 1 mL 

QC - Spikes 
 

  

QC - LCS 
 

  

QC - Accuracy/Precision 
 

  

QC - MDL 
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FIGURE 1 
 

EXAMPLE OF LOGBOOK PAGE  
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedure for extracting pesticides/PCBs from 
solids  such as soils, sludges, and wastes using Method 3540. The Soxhlet extraction 
process ensures intimate contact of the sample matrix with the extraction solvent. 

 
This method is applicable to the isolation and concentration of water-insoluble and slightly 
water-soluble organics in preparation for a variety of chromatographic procedures including 
methods 8081 for pesticides and 8082 for PCB’s. 

 
1.1 Definitions 

 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to 
determine if method analytes or other interferences are present in the laboratory 
environment, the reagents, or the apparatus.  For aqueous samples, reagent water is 
used as a blank matrix; for soil samples, baked organic-free sand is used as a blank 
matrix.  The blank is taken through the appropriate steps of the process. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source, and is analyzed exactly like a sample.  Its 
purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements.  The matrix used 
should be phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  Samples are split into duplicates, spiked and analyzed.  
Percent recoveries are calculated for each of the analytes detected.  The relative 
percent difference between the samples is calculated and used to assess analytical 
precision. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in 
chemical composition, extraction and chromatography, but which are not normally 
found in environmental samples.  These compounds are spiked into all blanks, 
standards, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts 
experienced in the extraction of samples for pesticide/PCB analysis. Each analyst 
must demonstrate and document their ability to generate acceptable results with this 
method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training and 
Documentation of Capability”. 
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It is the responsibility of all Katahdin technical personnel involved in the extraction of 
samples for pesticide/PCB analysis to read and understand this SOP, adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook. Any deviations from the test or irregularities with the samples should also be 
recorded in the lab notebook and reported to the Department Manager or designated 
qualified data reviewer responsible for this data. 
 
It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented and to 
indicate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs for all the materials used in this procedure. 
  
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Plan and must follow appropriate procedures.  These include the use of appropriate 
personal protective equipment (PPE) such as safety glasses, gloves and lab coats 
when working with chemicals or near an instrument and not taking food or drink into the 
laboratory. Each analyst should know the location of all safety equipment. Each analyst 
shall receive a safety orientation from their Department Manager, or designee, 
appropriate for the job functions they will perform.  

 
1.4 Waste Disposal 
 

Wastes generated during the preparation of samples must be disposed of in 
accordance with the procedures described in the current revision of the Katahdin 
Hazardous Waste Plan and Safety Manual and SOP SD-903, “Sample Disposal,” 
current revision. Expired standards are lab packed, placed in the Katahdin 
hazardous waste storage area, and disposed of in accordance with this SOP. 
 
Any methylene chloride solvent waste generated during the rinsing of glassware etc. 
should be disposed of in the “D” waste stream satellite accumulation area nearest 
the point of generation.  Acetone and hexane are considered flammable waste, and 
should be disposed of in the “O” waste stream satellite accumulation area nearest 
the point of generation.  Post-extraction soil samples, used glass wool, and sodium 
sulfate waste should be disposed of in the soil with organics “I” waste stream 
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satellite accumulation area nearest the point of generation.  Acid waste generated 
during the cleanup of PCB samples should be disposed of in the “K” satellite 
accumulation area nearest the point of generation.  Please refer to the current 
revision of SOP CA-107 for the location of satellite waste accumulation areas.   

   
   
2.0 SUMMARY OF METHOD 

 
2.1  The solid sample is mixed with anhydrous sodium sulfate, placed in a Soxhlet 

extractor and extracted with methylene chloride. 
 

2.2 The extract is then dried, concentrated, and exchanged into hexane for GC 
analysis.  Sulfuric acid cleanup is performed on extracts for 8082 PCB analysis. 

   
 
3.0 INTERFERENCES 
 

Solvents, reagents, glassware, and other sample preparation apparatus may yield 
interferences to GC analysis due to the presence of contaminants.  These contaminants can 
lead to discrete artifacts or elevated baselines in chromatograms.  Routinely, all of these 
materials must be demonstrated to be free from interferences under the conditions of the 
analysis by running reagent blanks.  Interferences caused by phthalate esters can pose a 
major problem in pesticide analysis.  Common flexible plastics contain varying amounts of 
phthalates that are easily extracted during laboratory operations, so cross-contamination of 
glassware frequently occurs when plastics are handled.  Interferences from phthalates can 
best be minimized by avoiding the use of such plastics in the laboratory.  At no time may 
gloves that have not been tested for phthalates or gloves known to contain phthalates be 
used or stored in the organic extraction lab.  Additionally, whenever possible plastic items in 
this lab must be replaced with metal or teflon or other non-phthalate plastic substitute. 

  
 Special care should be taken to ensure clean glassware and apparatus are used, pre-

rinsed with the appropriate solvent prior to use.  Solvents should be analyzed prior to use to 
demonstrate that each lot is free of contaminants that may interfere with the analysis. 

 
Interferences coextracted from the samples will vary considerably from source to source.  If 
analysis of an extracted sample is prevented due to inteferences, further cleanup of the 
sample extract may be needed to minimize interferences. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1  Soxhlet extractor – 45/50 top joint and 24/40 lower joint.  
 

4.1.1 500 mL flat-bottom boiling flask 
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4.1.2 Allihn cooling water condenser 
 

4.2 Powder Funnels – 100 mm top diameter, 35 mm stem 
 

 4.3  Kuderna-Danish (K-D) apparatus 
 
  4.3.1  Concentrator tube - 10-mL 
  
  4.3.2  Evaporation flask - 500-mL  
 
  4.3.3  Snyder column - Three-ball macro  
 
 4.4 Nitrogen evaporation (N-EVAP) apparatus. 
 

4.5 Boiling stones, 12 mesh silicon carbide (carborundum) – pre-purified by Soxhlet 
extraction in methylene chloride 

 
4.6  Water bath - Heated, with concentric ring cover, capable of temperature control (± 

5°C).  The bath should be used in a hood. 
 
 4.7  Vials - Glass, 4, 12, or 16 mL with Teflon-lined screw caps 
   
 4.8 Glass wool (fiberglass) - baked at 400°C for a minimum of 4 hours or overnight. 
 
 4.9 Heating mantles - Rheostat controlled. 
 
 4.10  Disposable glass Pasteur pipets, 5 ¾”, and bulbs. 
 

4.11 Drying oven - capable of maintaining 105°C for glassware drying. 
 
4.12 Muffle oven – capable of maintaining 400 °C for baking glass wool and organic-free 

sand.   
 
4.13 Beakers, 250 or 400 mL   

 
4.14 Top-loading balance - capable of weighing to 0.01 g. 

 
4.15 Spatulas, stainless-steel 
 
4.16 Long forceps, stainless-steel 

 
4.17 Metal clips – for securing Soxhlets to boiling flasks 

 
4.18 Filter paper, 18.5 cm, Fisherbrand or Whatman 114V (or equivalent) 
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4.19 Gel Permeation Chromatograph (GPC) - J2 Scientific AccuPrep MPSTM with internal 
UV detection 

   
 

5.0 REAGENTS 
 

5.1 Sodium sulfate (granular, anhydrous and powdered, anhydrous) (ACS reagent 
grade), Na2SO4. Certified by the manufacturer/vendor as purified by heating at 
400°C for 4 hours prior to receipt by the laboratory. 
 

5.2 Sulfuric acid solution (1:1 H2SO4 : H2O) – Prepared in an icebath by slowly adding 
a volume of concentrated H2SO4 to an equivalent volume of reagent water and 
swirl gently to mix.  Caution should be taken when adding the acid to the water as 
the reaction is highly exothermic. 

   
5.3 Methylene chloride - (pesticide grade or equivalent) purchased by lot, evaluated 

prior to use by concentration of 300 mL to 1 mL followed by GC/MS analysis. 
 

5.4 Acetone and hexane – (pesticide grade or equivalent) purchased by lot, evaluated 
prior to use by concentration of 300 mL to 1 mL followed by GC/MS and GC 
analysis.   

 
5.5 Organic-free sand, purified by baking at 400 °C at a minimum of 4 hours or 

overnight.  Method blanks serve as checks on the baked sand.    
 

5.6 Surrogate spiking solution - Prepare a solution of decachlorobiphenyl (DCB) and 
tetrachloro-meta-xylene (TCMX) at a concentration of 1 ug/mL in acetone.  

 
5.7 Matrix Spike/Lab Control Sample spiking solution 
 

5.6.1 Pesticide spike solution – prepare in pesticide grade methanol containing the 
analytes listed below at concentrations of 0.5 ug/mL. 

    
4,4’-DDD Endrin 
4,4’-DDE Endrin Aldehyde 
4,4’-DDT Endrin Ketone 

Aldrin gamma-BHC (Lindane) 
alpha-BHC Heptachlor 
beta-BHC Heptachlor Epoxide 
delta-BHC Methoxychlor  

Dieldrin alpha-Chlordane 
Endosulfan I gamma-chlordane 
Endosulfan II Endrin 

Endosulfan Sulfate Endrin Aldehyde 
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5.6.2 PCB spike solution – prepare Aroclor 1660 (Aroclor 1016 and 1260) in 
pesticide grade acetone at a concentration of 5.0 ug/mL each. 

 
5.7 Store the solutions mentioned in sections 5.5 and 5.6 at -10 to -20 °C (±2 °C) in a 

Teflon sealed container.  Solution must be verified by GC/ECD prior to use and 
must be replaced every 6 months or sooner if degradation is evident. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
  
 Sediment/soil samples must be collected in a soil jar and must be maintained at 4°C (±2°C). 
 
 Holding time for extraction of sediment/soil samples for Method 3540 is 14 days from date 

of sample collection, although the analyst should be aware that actual holding times 
employed may be project/program specific.  
 
Store all extracts at 4°C (±2°C) in the dark in labeled Teflon-sealed containers.  See SOP SD-
902, "Sample Receipt and Internal Control," current revision, for storage areas and 
temperature maintenance procedures. 

   
 
7.0 PROCEDURES 

 
The following information must be recorded in the extraction logbook. 
 
• Extraction method 
• Surrogate and spike IDs 
• Lot numbers of all solvents, acids and bases, sodium sulfate, filter paper 
• Nitrogen evaporation water bath temperature 
• pH if applicable 
• Extraction and Concentration dates 
• Extraction and Concentration analyst 
• Soxhlett extraction start and end times, also the prep start and end times 
• Sample ID or QC sample ID 
• Initial and final volumes or weight 
• Surrogate and spike amounts 
• Final extract tray location 
• Any comments regarding the sample extraction (ie. Emulsion) 

 
Samples need to be “swiped” out when removing and “swiped” in when replacing samples in 
storage locations to maintain the internal chain of custody.  Refer to Katahdin SOP, Sample 
Receipt and Internal Control, current revision, for the proper procedure for removal and return 
samples. 
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7.1 Preparing the Soxhlet Extraction Apparatus 
 

7.1.1 Rinse the Soxhlet extractors and 500 mL flat-bottom boiling flasks three 
times with methylene chloride.  Be sure that the solvent rinses through the 
large vapor tube and smaller siphon tubes of the Soxhlet.  Inspect these for 
tiny cracks.  Also rinse the 24/40 lower joint. 

 
7.1.2 Add ~ 250 mLs of methylene chloride to the 500 mL boiling flask.  Add 

several boiling stones.  Rinse the stainless steel forceps with Methylene 
chloride.  Working in a hood, place a plug of the glass wool at the bottom of 
the Soxhlet so that the siphon tube hole is covered.  Insert the 24/40 joint of 
the Soxhlet extractor into the 500 mL boiling flask and secure with a metal 
clip.  Cover the top of the Soxhlet extractor with a piece of aluminum foil until 
ready to begin loading the sample. 

 
 7.2  Sample Handling 
 

7.2.1 Sediment/soil samples – Do not decant any water layer on a sediment 
sample. Mix the sample thoroughly with the stainless steel spatula. If the 
sample container is full to the extent that stirring the sample is impractical, 
try to remove the “best representative” aliquot from the jar based on color, 
particle size, moisture, etc.    Discard any foreign objects such as sticks, 
leaves, and rocks. 

 
7.2.2 Gummy, fibrous, or oily materials not amenable to mixing should be cut, 

shredded, or otherwise reduced in size to allow for maximum exposure of 
the sample surfaces to the extraction solvent.  Materials such as glass, 
rubber, metal, etc. may not require mixing with powdered sodium sulfate to 
disperse the sample.  Plastic materials must be tested for degradation 
(melting) in methylene chloride prior to Soxhlet extraction.  

 
7.2.3 Please refer to Katahdin Analytical Services SOP CA-108, current revision, 

“Basic Laboratory Techniques” for more information of subsampling. 
    

7.3 Weigh out an approximate, greater than 30 g portion of sample into a labeled 400 
mL beaker.  Record sample weight to nearest 0.01 g in appropriate extraction 
logbook.  Add between 30 to 60 g of powdered sodium sulfate, as required, to 
produce a “free-flowing” mixture.  The amount of sodium sulfate added will depend 
upon the moisture content of the sample (e.g., low moisture content will require less 
sodium sulfate).  Mix well with a spatula.  Keep the spatula in the sample beaker 
and cover the beaker with aluminum foil.  Record sodium sulfate lot in logbook. 

 
7.4 A method blank must be prepared with each extraction batch, not to exceed 20 client 

samples.  To prepare method blank, weigh out one greater than 30 g portion of purified 
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sand in a labeled 400 mL beaker. Record sample weights to nearest 0.01 g in 
appropriate extraction logbook. Add 60 g sodium sulfate and mix well. (Although a 
“free-flowing” mixture can be achieved with less than 60 g sodium sulfate, the method 
blank must contain 60 g in order to evaluate the sodium sulfate as a potential source of 
contamination.) 

 
7.5 A laboratory control sample (LCS) must be prepared with each extraction batch, not 

to exceed 20 client samples.  To prepare LCS, weigh out one greater than 30 g 
portion of purified sand in a labeled 400 mL beaker.  Record sample weights to 
nearest 0.01 g in appropriate extraction logbook. Add 30 g sodium sulfate and mix 
well.  With extraction batches prepared for combined 8081/8082 Pesticide and PCB 
analysis, separate Pesticide and PCB LCS’s must be prepared (refer to section 5.6). 
If an MS/MSD pair is not extracted on a particular day, an LCS/LCSD pair may be 
required in order to meet client-specific or program-specific requirements.  This 
information will be disseminated from the project manager or Department Manager.   

  
7.6 A matrix spike/matrix spike duplicate (MS/MSD) set should be prepared for every 20 

samples.  An MS/MSD will be analyzed only if enough sample has been provided by 
the client.  Additionally, in the event that the batch MS/MSD requirement cannot be 
fulfilled, a laboratory control spike duplicate must be analyzed. To prepare MS/MSD, 
weigh out two approximate, greater than 30g portions of the sample designated for 
MS/MSD into each of two labeled 400 mL beakers.  Record sample weights to 
nearest 0.01g in appropriate extraction logbook.  Add 30 g sodium sulfate to each to 
produce a free-flowing mixture, and mix well. With extraction batches prepared for 
combined 8081/8082 Pesticide and PCB analysis, separate Pesticide and PCB 
MS/MSD pairs must be prepared (refer to section 5.6). 

 
7.7 Once all of the QC and field samples have been weighed and mixed with sodium 

sulfate, begin adding each to the assembled and appropriately labeled Soxhlet 
extractors using the stainless steel spatulas.  Carefully scrape all of the mixtures 
from the beaker walls so that no more than 1% remains behind in the beaker.  Be 
careful that none of solid material falls into the extract flask through the large vapor 
tube.   

 
7.8 To all samples, method blank, LCS/LCSD, and MS/MSD add 1.0 mL (if FV=10mL, 

adjust amount for different final volumes) of the pesticide/PCBs surrogate spiking 
solution using a 1.0 mL gas tight syringe.  Record surrogate spike volume and 
identification code in the extraction logbook.  Thoroughly rinse syringe with solvent 
between each use.   

 
7.9 To LCS/LCSD and MS/MSD add 1.0 mL (if FV=10mL, adjust amount for different 

final volumes) of either the pesticide or PCBs matrix spike/LCS spiking solutions 
using a 1.0 mL gas tight syringe.  Record matrix spike/LCS spiking solution volume 
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and identification codes in the extraction logbook.  Thoroughly rinse syringe with 
solvent between each use. 

 
7.10 Rinse the joints of the Allihn cooling condensers with Methylene Chloride, collecting 

the waste in a methylene chloride solvent waste container. Place each of the 
Soxhlet extractors in a heating mantle and lower the Allihn cooling water 
condensers into the 45/50 joints of the extractors.  The condensers should be set to 
a temperature of 15ºC.  Save the pieces of aluminum foil for covering the Soxhlets 
when the extraction is complete.  Switch on the individual heating mantles and be 
sure that the Rheostat of the variable transformer is set to 55% of the output 
voltage.  Once the methylene chloride begins to boil and the Soxhlet begins to cycle 
(solvent will immerse the sample and collect in the Soxhlet until the level reaches 
that of the small siphon tube and then begin to spill over into the extract flask), re-
check the apparatus’ for leaks.  Allow the samples to extract for 18-24 hours.  Be 
sure the chiller/recirculator temperature is set low enough to provide enough cooling 
capacity for the number of extractions in the batch. 

 
7.11 When the extraction is complete, allow the extracts to cool before dismantling.  

Remove the Allihn condenser and replace the aluminum foil on top of the extractor.  
Move the extractors to a hood and detach the extractor from the extract flask.  Tilt 
each extractor slightly to cause any remaining solvent in the sample chamber to 
drain through the siphon tube into the extract flask.  This will help to cool the extract 
flask and make the apparatus easier to dismantle.  Try to drain as much solvent as 
possible from the extractor into the flask. This is done by rinsing a glass tube in 
methylene chloride and pressing on the sample slightly so that as solvent as 
possible is drained into the extract flask.   Cover the flask with aluminum foil and 
store in the interim extract storage refrigerator unless the extracts are to be 
concentrated the same day. 

 
7.12 Immediately remove the extracted soil/sodium sulfate mixtures from the extractors 

using a square edge spatula, and dispose of in an appropriate solid waste 
container.  It is important to do this soon after the extractors are dismantled, as the 
sample mixture will tend to “freeze” into a solid mass in the Soxhlet as the solvent 
dries.   

 
 CONCENTRATION OF THE EXTRACTS 
 

7.13 Rinse the K-D glassware (flask, concentration tube, and Snyder column, including 
the ground glass joints on the flask and columns) three times with methylene 
chloride before assembling.  Add a few boiling chips to the K-D.   Insert 18.5 cm 
filter papers into short stem powder funnels and add ~ 2 inches of sodium sulfate 
crystals. Place the assembled K-D’s under the funnels.  Record the lot numbers of 
the solvent, sodium sulfate and filter papers in the extraction logbook.  

 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-524-08 
STANDARD OPERATING PROCEDURE Date Issued: 04/12 
 Page 13 of 18 
   
 
TITLE: PREPARATION OF SEDIMENT/SOIL SAMPLES BY SOXHLET EXTRACTION USING 

METHOD 3540 FOR PESTICIDE/PCB ANALYSIS 
  
  

 
 
 

7.14 If samples are to be GPC’d, refer to the current revision of Katahdin SOP CA-513, 
Extract Cleanup Using Gel Permeation Chromatography, for appropriate 
concentrating procedures.   Samples that undergo GPC are not solvent exchanged 
into hexane.  All pesticide soil samples should be cleaned up to reduce matrix 
interferences. 

 
7.15 If samples are not to be GPC’d follow Steps 7.16 through 7.23 to concentrate 

extracts to final volume of 10 mLs (or a client specified final volume) 
 
7.16 For a solvent exchange, (for samples not being GPC’d), add approximately 50 mL 

hexane to funnel and let drain through.  Since methylene chloride has a lower 
boiling point than Hexane, this will result in a final extract in hexane only.  Record 
the lot number of the solvent in the extraction logbook.  

 
7.17 Transfer the extracts to the K-D concentrator setups through the sodium sulfate in 

the funnels.  This is the drying step, which is required to remove residual water from 
the extracts.  Any large water layers must be removed by other means, prior to 
pouring through the sodium sulfate.  After pouring all of the extract volume through 
the sodium sulfate, rinse the extract flask three times with ~ 2 – 3 mLs of methylene 
chloride.  Add the rinsings through the sodium sulfate to complete a quantitative 
transfer.  Rinse the sodium sulfate with ~ 15 mLs of methylene chloride and allow to 
drain.   

 
7.18 Transfer the labels from the extract flasks to the K-Ds. Remove the funnel and 

attach a 3-ball macro Snyder column. Pre-wet the Snyder column with 1 mL of 
methylene chloride.  

 
7.19 Place the K-D in a hot water bath (75-85°C). Gently swirl K-D in the water until 

boiling begins. At the proper distillation rate, the Snyder balls should chatter but the 
chambers should not flood with condensed solvent. The K-D should be kept in a 
vertical orientation while on the bath.  When the apparent volume in the 
concentrator tube reaches ≈ 6 mL, remove the K-D from the water bath. Allow the K-
D to cool for 10 minutes. Rinse the Snyder column lower joint with ≈ 1 mL of 
methylene chloride, hexane, if exchange is taking place. Remove the Snyder 
column. Wipe off any water from the neck above the lower joint of the flask. 
Separate the K-D flask from the concentrator tube, rinsing the ground glass joint 
with ≈ 1 mL methylene chloride, hexane, if exchange is taking place.   

 
7.20 Reduce the extract in the concentrator tube to approximately 1-2 mL using the 

nitrogen blow-down apparatus to ensure all methylene chloride has been 
evaporated. The bath temperature must be no higher than the boiling point of the 
solvent (39°C for methylene chloride). Turn the gas to 3 psi. Be careful not to splash 
the extract out of the tube. During concentration on the N-evap, the internal wall of 
the concentrator tube and the N-evap sparging pipet must be rinsed down at least 
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once or twice with ≈1 mL of hexane. The solvent level in the concentrator tube must 
be positioned below the level of the water bath as much as possible to prevent 
water from condensing into the sample extract. As the extract volume is reduced, 
lower the N2 sparging pipet closer to the surface of the extract to expedite the 
concentration. Record the temperature of the water in the nitrogen evaporation 
water bath in the extraction logbook, also note any problems or extract losses, if 
they occur.    

 
7.21 Complete quantitative transfer of the extract to a vial by using hexane.  Adjust the 

volume of the hexane extract to 10 mL (or a client specified final volume) in either a 
12 or 16 mL vial using the appropriate “reference vial” for volume comparison.    

 
7.22 Label the vial with lab sample number, extraction date, matrix and analysis. Store 

extract vials at a temperature of 4 ± 2 °C until ready for analysis.  Indicate in the 
extractions logbook the box number and “tray location” of the individual extract vials.  

 
7.23 All sample extracts for 8082 PCB analysis must undergo a sulfuric acid wash 

(cleanup) prior to analysis, unless it has been GPC’d.  All sample extracts for 8081 
pesticide analysis should undergo further cleanup using the GPC unless time is a 
factor.  All sample extracts for combined 8081/8082 analyses must be split unless 
GPC’d.  One portion must be acid cleaned for 8082 analysis.  The associated 
method blank must be split and acid-cleaned in the same fashion.  PCB LCSs and 
matrix spikes are acid cleaned also.  Pesticide LCSs and matrix spikes are not 
subjected to further cleanup.  Record the lot number of the acid in the extraction 
logbook.  Please refer to Katahdin SOP CA525 (current revision), Extract Cleanup 
Using Sulfuric Acid, for further instructions.  

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

A method blank must be extracted for each and every item listed below: 
 
- Each sample matrix (soil, water) 
- Each day of extraction (24 hours midnight - midnight) 
- Each extraction method or level 
- Every 20 samples extracted in a 24-hour period 
 
A laboratory control sample (LCS) is required for each and every item listed below: 
 
- Each sample matrix 
- Each extraction method or level 
- Every extraction batch of twenty or fewer samples 
- Each analysis (pesticide and/or PCB) to be performed 
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Refer to the current revision of the applicable Katahdin SOP for analysis of Pesticides and 
PCBs for quality control acceptance criteria. 
 
Each extractions analyst must demonstrate proficiency in performing the extractions that 
prepare samples for analysis.  Demonstration consists of preparation (extraction), by the 
analyst, of at least four aliquots which are then analyzed according to the analytical method in 
question.  These QC samples must meet all quality control acceptance limits.  Demonstration 
must be documented by use of a form which summarizes the results of the analysis of these 
aliquots, calculated percent recoveries, and standard deviation.  Demonstration of proficiency 
must be done one time per analyst initially and then annually thereafter. Refer to SOPs QA-
805 and QA-807, current revision. 

 
If, upon analysis of the extracted samples, it is discovered that quality control acceptance 
criteria have not been met, all associated samples must be evaluated against all the QC.  In 
some cases data may be reported, perhaps with narration, while in other cases, other 
corrective action may be taken.  The corrective actions may include re-extraction of the 
samples associated with the quality control sample that did not meet acceptance criteria, or 
may include making new reagents and standards if the standardization is suspect.  These 
decisions are based on holding time considerations, client and project specific Data Quality 
Objectives and on review of chromatograms.  The supervisor, Operations Manager, and/or 
Quality Assurance Officer may be consulted to evaluate data.  Some samples may not be able 
to be reanalyzed within hold time.  In these cases “qualified” data with narration may be 
advisable after consultation with the client. 
 

 Much of the work performed at the lab is analyzed in accordance with specific QC 
requirements spelled out in a project specific Quality Assurance Project Plan (QAPP) or in a 
program specific Quality Systems Manual (QSM).  The reporting limits, acceptance criteria 
and/or corrective actions may be different than those specified in this SOP.  In these cases the 
appropriate information will be communicated to the Department Manager and/or senior 
chemists before initiation of the analyses so that specific product codes can be produced for 
the project.  In addition, the work order notes for each project will describe the specific QAPP 
or QSM to be followed. 

   
 
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 

 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
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is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every 
applicable instrument on a quarterly basis.  

 
The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 

 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 

 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 

 
Refer to the applicable analytical SOP for other method performance parameters and 
requirements. 

   
 

10.0 APPLICABLE DOCUMENTS/REFERENCES 
 
Test Methods for Evaluating Solid Waste-Physical/Chemical Methods, Method 3540C, SW-
846, Third Edition, Updates I, II, IIA, IIB, and III Revised December 1996, US EPA. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Current Version. 
 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010.. 
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TABLE 1 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-524-08 METHOD 3540, current revision 
Apparatus/Materials 
 

1. short stem funnels  
 

1. drying columns  

Reagents 
 

  

Sample preservation/ 
handling 
 

  

Procedures 
 
 
 

1. Use 30 grams of sample and 30       
grams of sodium sulfate. 

2. Use 250 mL of methylene  chloride 
3. no apparatus height specification for 

concentration on water bath 
4. water bath at 75-85 deg C 
5. sample removed from water bath 

when volume reaches ~6 mL 
6. Solvent exchange to hexane is 

performed using K-D apparatus with 
addition of approximately 50 mL 
hexane at the start of concentration 
process 

1. Use 10 grams of sample and 10       
grams of sodium sulfate. 

2. Use 300 mL of methylene  chloride 
3. partially immerse concentrator tube in 

water and lower apparatus to complete 
concentration in 10-15min 

4. water bath at 80-90 deg C 
5. sample removed from water bath when 

volume reaches 1-2 mL 
6. Solvent exchange to hexane is 

performed using K-D apparatus with 
addition of approximately 50 mL 
hexane after concentrating methylene 
chloride extract to 1 mL 

QC - Spikes 
 

  

QC - LCS 
 

  

QC - Accuracy/Precision 
 

  

QC - MDL 
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FIGURE 1 
 

EXAMPLE OF LOGBOOK PAGE 
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1.0 SCOPE AND APPLICATION 
 

This SOP describes all aspects of the analysis of extracts of aqueous, solid, tissue, wipe and oil 
samples for PCBs by EPA Method 8082A as performed by Katahdin Analytical Services, Inc. 
including sample analysis, data review, standard preparation and instrument calibration. 
 
It is applicable to the following compounds: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-
1242, Aroclor-1248, Aroclor-1254, Aroclor-1260, Aroclor-1262 and Aroclor-1268. Extracts are 
analyzed by Gas Chromatography-Electron Capture Detector (GC-ECD).  

 
 1.1 Definitions 
 

ANALYTICAL BATCH: 20 or fewer samples which are analyzed together with the same 
method sequence and the same lots of reagents and with the manipulations common to 
each sample within the same time period or in continuous sequential time periods. 
 
METHOD BLANK (laboratory reagent blank): An artificial sample designed to determine 
if method analytes or other interferences are present in the laboratory environment, the 
reagents, or the apparatus. For aqueous samples, laboratory reagent grade water is 
used as a blank matrix; for soil samples, muffled sand is used as a blank matrix. The 
blank is taken through the appropriate steps of the process. 
 
CALIBRATION CHECK: Verification of the ratio of instrument response to analyte 
amount, a calibration check is done by analyzing for analyte standards in an appropriate 
solvent.  Calibration check solutions are made from a stock solution that is different from 
the stock used to prepare standards. 
 
CALIBRATION STANDARD (WORKING STANDARD): A solution prepared from the 
stock standard solution that is used to calibrate the instrument response with respect to 
analyte concentration. 
 
INDEPENDENT CALIBRATION VERIFICATION STANDARD (ICV):  A solution 
prepared from a stock standard solution independent of the calibration mix that is used to 
verify the calibration. 
 
LABORATORY CONTROL SAMPLE (LCS): A blank that has been spiked with the 
analyte(s) from an independent source and is analyzed exactly like a sample. Its purpose 
is to determine whether the methodology is in control, and whether the laboratory is 
capable of making accurate and precise measurements. The matrix used should be 
phase matched with the samples and well characterized. 
 
MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD): Predetermined quantities of 
stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis. Samples are split into duplicates, spiked and analyzed. Percent 
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recoveries are calculated for each of the analytes detected.  The relative percent 
difference between the samples is calculated and used to assess analytical precision. 
 
STANDARD CURVE (CALIBRATION CURVE): A curve that plots concentration of 
known analyte standard versus the instrument response to the analyte. 
 
STOCK STANDARD SOLUTION: A concentrated solution containing a single certified 
standard that is a method analyte, or a concentrated solution of a single analyte 
prepared in the laboratory with an assay reference compound.  Stock standard solutions 
are used to prepare calibration standards. 
 
SURROGATES: Organic compounds which are similar to analytes of interest in chemical 
composition, extraction and chromatography, but which are not normally found in 
environmental samples. These compounds are spiked into all blanks, Aroclor 1660 
standard, samples and spiked samples prior to analysis.  Percent recoveries are 
calculated for each surrogate. 
 
KATAHDIN INFORMATION MANAGEMENT SYSTEM (KIMS): A complete multi-user 
system with the capabilities of integrating laboratory instrumentation, generating 
laboratory worksheets, providing complete Lab Order status and generating reports.  
KIMS utilizes these features through a database. 
 
PE NELSON TURBOCHROM OR HP CHEMSTATION:  data acquisition systems that 
are used to collect chromatographic data.  The systems can also be used to archive raw 
data files. 
 
TARGET:  A software system that combines full processing, reporting and 
comprehensive review capabilities, regardless of chromatographic vendor and data type. 
 
TARGET DB:  An oracle database used to store and organize all Target data files. 

  
1.2 Responsibilities 

 
1.2.1 This method is restricted to use by, or under the supervision of analysts 

experienced in the analysis of PCBs by method 8082.  Each analyst must 
demonstrate and document their ability to generate acceptable results with this 
method.  Refer to Katahdin SOP QA-805, “Personnel Training & Documentation 
of Capability,” current revision. 

 
1.2.2 It is the responsibility of all Katahdin technical personnel involved in analysis 

by method 8082 to read and understand this SOP, adhere to the procedures 
outlined, and to properly document their data in the appropriate lab notebook. 
Any deviations from the test or irregularities with the samples should also be 
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recorded in the lab notebook and reported to the Department Manager or 
designated qualified data reviewer responsible for this data. 

 
1.2.3 It is the responsibility of the Department Manager to oversee that members of 

their group follow this SOP, to ensure that their work is properly documented 
and to initiate periodic review of the associated logbooks. 

 
1.3 Health and Safety 
 

1.3.1 Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this 
method has not been precisely defined; however, each chemical should be 
treated as a potential health hazard. A reference file of material safety data 
sheets is available to all personnel involved in the chemical analysis. Everyone 
involved with the procedure must be familiar with the MSDSs (material safety 
data sheets) for all the materials used in this procedure. 

 
1.3.2 Each qualified analyst or technician must be familiar with Katahdin Analytical 

Environmental Health and Safety Manual including the Katahdin Hazardous 
Waste Plan and must follow appropriate procedures.  These include the use of 
appropriate personal protective equipment (PPE) such as safety glasses, gloves 
and lab coats when working with chemicals or near an instrument and not taking 
food or drink into the laboratory. Each analyst should know the location of all 
safety equipment. Each analyst shall receive a safety orientation from their 
Department Manager, or designee, appropriate for the job functions they will 
perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

1.4.1 Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of 
the Katahdin Hazardous Management Program for further details on pollution 
prevention techniques. 

 
1.4.2 Wastes generated during the preparation of samples must be disposed of in 

accordance with the Katahdin Analytical Environmental Health and Safety 
Manual and SOP SD-903, “Sample Disposal,” current revision.  Expired 
standards are lab packed, placed in the Katahdin hazardous waste storage 
area, and disposed of in accordance with this SOP. 

1.4.3 Wastes generated during standards preparation are disposed of in the Mixed 
Flammable Waste (O).  After the extracts have been analyzed, the 
autosampler vials and any expired standard vials or ampules are disposed of 
in the PCB Vial Waste (H). 
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2.0 SUMMARY OF METHOD 
 

2.1 Method 8082 provides gas chromatographic conditions for the detection of PPB 
concentrations of certain PCBs.  Prior to the use of this method, appropriate sample 
extraction techniques must be used.  Both neat and diluted organic liquids (Method 
3580, waste dilution) may be analyzed by direct injection.  A 2 to 5 ul aliquot of sample is 
injected into a gas chromatograph (GC) using the direct injection technique, and 
compounds in the GC effluent are detected by an electron capture detector (ECD). 

 
        2.2 The sensitivity of Method 8082 usually depends on the concentration of interferences 

rather than on instrumental limitations.  If interferences prevent detection of the analytes, 
Method 8082 may also be performed on samples that have undergone the following 
cleanups: Method 3660 - Sulfur Cleanup and Method 3665 - Sulfuric Acid Cleanup.  

   
 
3.0 INTERFERENCES 
 

Interferences by phthalate esters can pose a problem in PCB determinations when using the 
electron capture detector.  Common flexible plastics contain various amounts of phthalates.  
Care has to be taken to avoid using any plastic materials during the extraction process.  
Exhaustive cleanup of reagents and glassware may be required to eliminate background 
phthalate contamination. 
 
Compounds from the sample matrix to which the detector will respond, such as single-
component chlorinated pesticides including the DDT series. 

   
 
4.0 APPARATUS AND MATERIALS 
 
 4.1 Gas chromatograph 
 

4.1.1 GC Hewlett Packard 5890 series I or II connected to the Turbochrom or HP 
Chemstation data system, or equivalent.   

 
4.1.2 Columns - Instruments are configured with a pre-column originating from the 

injection port, which is connected to a deactivated glass Y splitter that connects 
two different columns to two detectors.  The most commonly used columns are: 
RTX-35 30M x 0.53 mm ID, RTX-5 30M x 0.53 MM ID, or RTX-1701 30M x 0.53 
mm ID.  Equivalent columns can be used. 

 
4.1.3 Detectors:  Electron capture detectors (ECD).  Note: Two detectors must be 

employed when using dual columns. 
 
 4.2 Volumetric flasks, class A: sizes as appropriate with the ground-glass stoppers. 
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4.3 Syringes: various sizes for preparing standards and injecting samples on the 
instrument. 

 
 4.4 Vials: various sizes and types including crimp tops. 
 

4.5 Refrigerator for storage of extracts and standards. 
   
 
5.0 REAGENTS 
 

5.1 Solvents 
 
5.1.1 Hexane: pesticide quality or equivalent for diluting samples and standards. 

 
5.2 Standards 

 
5.2.1 Stock standard solutions: Solutions purchased from suppliers like Restek or 

other acceptable retailers.  Expiration dates are one year from date of opening 
vial or sooner if manufacturers date is less.  Upon receipt, all standards are 
logged into the appropriate logbook with the date of receipt, expiration date, 
source, lot number, solvent and concentration of compounds.  Standard 
solutions are stored at 4°C in polytetrafluoroethylene (PTFE)-sealed containers 
in the dark.   

 
5.2.2 Calibration standards: Prepared through the dilution of the stock standards with 

hexane. Expiration date is 6 months or sooner.  Information is documented in 
standards prep logbook.  The concentrations of the working PCB calibration 
standards are 0.05 ug/ml, 0.10 ug/ml, 0.25 ug/ml, 1.0 ug/ml, 2.5 ug/ml, and 10.0 
ug/ml.  The Aroclor 1660 standard also contain the surrogates Tetrachloro-m-
xylene (TCX) and Decachlorobiphenyl (DCB) at the respective concentrations: 
0.001 ug/ml, 0.002 ug/ml, 0.005 ug/ml, 0.020 ug/ml, 0.050 ug/ml, and 0.20 
ug/ml. 

 
5.2.3 Independent Calibration Verification standard (ICV):  Prepared through the 

dilution of the stock standards with hexane. Expiration date is 6 months or 
sooner.  Information is documented in standards prep logbook.  The 
concentration of the ICV PCB standard is 1.0 ug/ml. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 
 Extracts must be stored under refrigeration and analyzed within 40 days of extraction. 
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Note:  The holding time above is a recommendation. PCBs are very stable in a variety of 
matrices, and holding times under the conditions listed above may be as long as a year. 

  
 
7.0 PROCEDURES 
 

7.1 Extraction 
 

Refer to the appropriate SOPs for the correct extraction procedure.  In general, water 
samples are extracted using methods 3510, 3520 or 3535 while solid samples use 
methods 3540, 3545, 3546 or 3550.  Tissue samples are extracted using method 3545 
or 3540.  Wipes and oils are generally extracted using method 3580. 

 
7.2 Instrument conditions 

 
Refer to the instrument logbook for the current column and conditions. 

 
Typical conditions are: 
 

Makeup flow: 60 ml/min Helium, Ar/Methane or Nitrogen 
Column flow: 6 ml/min 
Injector Temp: 200 
Detector Temp: 300 
Oven Ramp: 160(0) - 5/min - 260(10)  
Run time: 30 min 
Injection size: 2 ul 

 
7.3 Calibration 

 
7.3.1 The GC system is calibrated using the external standard calibration procedure. 

Six-point calibration standards of Aroclor 1660 (Aroclor 1016 and Aroclor 1260), 
Aroclor 1242, Aroclor 1248 and Aroclor 1254 are prepared.  Six-point calibration 
standards of Aroclor 1221, Aroclor 1232, Aroclor 1262 and Aroclor 1268 are 
also prepared.  If Aroclor 1221, Aroclor 1232, Aroclor 1262 and Aroclor 1268 are 
suspected, then a six-point curve of the respective Aroclor will be analyzed prior 
to the analysis of samples. At a minimum, a single point calibration standard is 
analyzed for these Aroclors.  If using a single point and the Aroclor is required 
for a project and is detected in a sample, then the GC would be calibrated for 
the Aroclor and the samples would be reanalyzed. 

 
 Each calibration standard is injected using the technique that is used to 

introduce the actual samples into the GC.  Three to five characteristic peaks 
from each Aroclor are used to calibrate a curve. The Target system will 
calculate a peak height for all three to five peaks in each Aroclor.  A separate 
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calibration curve for each of the three to five peaks can be prepared in Target 
using the peak height against the concentration of the standard. A non-linear 
calibration applying a second order polynomial (quadratic fit) equation is used to 
prepare the curve.  In order to be used for quantitative purposes, the Coefficient 
of Determination (r2) must be greater than or equal to 0.990.  The quadratic 
equation is:  

      y = ax2 + bx + c 
 

where: y = Instrument response 
 b = Slope of the line 
 x = Concentration of the calibration standard 
 c = the intercept 

 
7.3.2 A non-linear calibration model may not be allowable for certain states, federal 

programs, or clients.  South Carolina does not allow non-linear calibration 
work originating in their state.  In these cases, a linear calibration model must 
be used. Each calibration standard is injected using the technique that is used 
to introduce the actual samples into the GC.  Three to five characteristic peaks 
from each Aroclor are used to calibrate a curve. The Target system will 
calculate a peak height for all three to five peaks in each Aroclor.  A separate 
calibration curve for each of the three to five peaks can be prepared in Target 
using the peak height against the concentration of the standard. 

 
7.3.2.1 Linear calibration using the average calibration factor 

 
The calibration factor (CF) is calculated using the following formula: 
 
 CF= As / Cs 
 
Where: As = Peak area (or height) of the analyte or surrogate. 
 Cs = Concentration of the analyte or surrogate, in μg/L. 
 
To evaluate the linearity of the initial calibration, calculate the mean 
CF, the standard deviation (SD), and the RSD. 
 
If the RSD of the calibration factor is less than or equal to 20% over 
the calibration range, then linearity through the origin may be 
assumed, and the average calibration or response factor may be used 
to determine sample concentrations. 

 
7.3.2.2 Linear calibration using a least squares regression  
 

 y = bx + c 
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where: y = Instrument response 
 b = Slope of the line 
 x = Concentration of the calibration standard 

  c = the intercept 
 

The analyst should not force the line through the origin, but have the 
intercept calculated from the five data points. In addition, do not 
include the origin (0,0) as a sixth calibration point. The regression 
calculation will generate a correlation coefficient (r) that is a measure 
of the "goodness of fit" of the regression line to the data. A value of 
1.00 indicates a perfect fit. In order to be used for quantitative 
purposes, r must be greater than or equal to 0.995.  The ICAL must be 
successful before any samples or other QC check samples can be 
analyzed.   

 
7.3.3 The AR1660 calibration curve must be checked initially by analyzing a standard 

containing the same analytes as the curve but prepared from another source.  If 
the response of the analytes from the independent source varies by more than ± 
20%, a new independent source standard must be analyzed or a new 
calibration curve must be prepared and/or analyzed.  

 
7.3.4 The working calibration curve must be verified prior to sample analysis and 

every 10 samples thereafter by injecting the mid-point calibration standard.  If 
the response for any analyte varies from the expected response by more than ± 
15%, a new calibration curve must be prepared for that analyte. The average 
result for 5 peak heights of the Aroclors is used for quantitation.   
 
For clients or projects requiring DoD QSM 4.1, the response for any analyte 
must not vary from the expected response by more than + 20%, or a new 
calibration curve must be prepared for that analyte.  If the CCV fails the above 
criteria, reanalyze all samples since the last successful calibration verification.  If 
reanalysis cannot be performed, data must be qualified and explained in the 
narrative.  Additionally, apply a Q-flag to all results for the specific analyte(s) in 
all samples since the last acceptable calibration verification.   

 
 7.4 Retention time windows 
 

7.4.1  Three injections are made of all the PCBs throughout the course of a 72 hour 
period. 

 
7.4.2  A major peak from the envelope is chosen and a standard deviation is 

calculated using the three retention times for that peak. 
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7.4.3  Plus or minus three times the standard deviation of the retention times for each 
standard is used to define the retention time window; however, the experience 
of the analyst should weight heavily in the interpretation of chromatograms. The 
analyst should use the retention time window, but should primarily rely on 
pattern recognition. 

 
7.4.4 Retention time windows are calculated for each standard on each GC column at 

method setup and after major maintenance, including whenever a new GC 
column is installed.  The data is kept on file in the laboratory. 

 
7.4.5 If the calculated retention time window results in a value of 0.03 minutes or less, 

the laboratory will apply nominal windows.  This is done in order to avoid any 
false negative hits because of the window being to narrow.  The windows are: ± 
0.07 for all target analytes.  By utilizing these windows, a false positive hit may 
be initially indicated, but an experienced analyst could determine a false positive 
from scrutinizing the chromatograms. Please note that the use of nominal 
retention time windows may not be allowable for certain states, federal 
programs, or clients.   South Carolina does not allow the use of nominal limits 
for compliance work originating in their state.  In these cases, a window of ± 
0.03 minutes must be used if the established retention time window is less than 
0.03 minutes. 

 
7.5 Gas chromatographic analysis 
 

7.5.1 Shake samples and let them sit for one minute before vialing for analysis.  
 
7.5.2 All instrument injections are performed using the direct injection technique with 

an autosampler set for 2-5 ul injection volumes.   
 
7.5.3 Samples are analyzed in a set referred to as an analysis sequence.  The 

sequence begins with instrument calibration as listed in section 7.3 followed by 
sample extracts interspersed with mid-concentration calibration standards. 
Before any samples are analyzed the instrument must be calibrated by 
analyzing a six-point calibration or a 1.0ppm concentration standard (CV-
calibration verification standard) for Aroclor 1660, Aroclor 1242, Aroclor 1248 
and Aroclor 1254.  If a CV is run, the calculated concentration must not exceed 
a difference of ± 15%.  For clients or projects requiring DoD QSM 4.1, the 
response for any analyte must not vary from the expected response by more 
than + 20%, or a new calibration curve must be prepared for that analyte.  If the 
CCV fails the above criteria, reanalyze all samples since the last successful 
calibration verification.  If reanalysis cannot be performed, data must be 
qualified and explained in the narrative.  Additionally, apply a Q-flag to all results 
for the specific analyte(s) in all samples since the last acceptable calibration 
verification.  Each sample analysis must be bracketed with an acceptable initial 
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calibration or an opening CV and an ending CV for each 12-hour shift.  The 
closing CV for Aroclor 1660 is a 0.25ppm concentration standard.  All other 
Aroclors at the closing of the run remain at 1.0ppm concentration.  If a second 
window of samples is run immediately after the closing CVs, the concentration 
of Aroclor 1660 at the completion of this window would be 1.0ppm. The 
calibration standard must also be injected at intervals of not less than once 
every ten samples and at the end of the analysis sequence.  If the CV fails, the 
instrument is checked for any obvious problems and maintenance is performed 
if deemed necessary.  Another CV is analyzed or the instrument is recalibrated 
and then samples are injected.  All samples that were injected after the standard 
exceeding the criterion must be reinjected to avoid errors in quantitation, if the 
initial analysis indicated the presence of the specific target analyte that 
exceeded the criterion. 

 
7.5.3.1 However, if the standard analyzed after a group of samples exhibits a 

response for an analyte that is above the acceptance limit, i.e. >15%, 
and the analyte was not detected in the specific samples analyzed 
during the analytical shift, then the extracts for those samples do not 
need to be reanalyzed, as the CV standard has demonstrated that the 
analyte would have been detected were it present.  In contrast, if an 
analyte above the QC limits was detected in a sample extract, then re-
injection is necessary to ensure accurate quantitation.  If an analyte 
was not detected in the sample and the standard response is more 
than 15% below the initial calibration response, then re-injection is 
necessary to ensure that the detector response has not deteriorated to 
the point that the analyte would not have been detected even though it 
was present. 

 
7.5.4 The center of the retention time window for each analyte and surrogate is 

established by using the absolute retention time for each analyte and 
surrogate from the daily opening calibration verification or initial calibration. 

 
7.5.5 The identification of PCBs is based on agreement between the retention times 

of peaks in the sample chromatogram with the retention time windows 
established through the analysis of standards of the target analytes. An analyte 
is tentatively identified when a peak from a sample falls within the daily retention 
time window.  Each tentative identification must be confirmed using a second 
GC column of dissimilar stationary phase or using another technique such as 
GC/MS.  If the retention times of the peaks on both columns fall within the 
retention time windows on the respective columns, then the target analyte 
identification has been confirmed. 

 
7.5.5.1 An additional criterion is applied for the identification and quantitation 

of PCBs.  Identification is based on the characteristic fingerprint 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-329-13 
STANDARD OPERATING PROCEDURE Date Issued: 02/13 
 Page 14 of 30 
  
 
TITLE: ANALYSIS OF PCBs AS TOTAL AROCLORS BY GAS CHROMATOGRAPHY/ 

ELECTRON CAPTURE DETECTOR (GC/ECD): SW-846 METHOD 8082 
  
 

retention time and shape of the major peaks.  Major peaks are defined 
as those peaks in the Aroclor standard that are at least 25% of the 
height of the largest Aroclor peak.  The sample chromatogram is 
compared to the individual Aroclor standard chromatograms.  Once the 
Aroclor pattern has been identified, a concentration is then calculated 
in Target. 

 
7.5.5.2 Three to five Aroclor concentrations are calculated using the peak 

heights of the three to five characteristic peaks of the Aroclor.  These 
three to five concentrations are then averaged to determine the 
concentration of that Aroclor. 

 
7.5.6 When samples are analyzed from a source known to contain specific Aroclors, 

the results from a single-column analysis may be confirmed on the basis of a 
clearly recognizable Aroclor pattern. 

 
7.5.7 If the response for an analyte exceeds the calibration range of the system, the 

sample must be diluted and reanalyzed. 
 
7.5.8 If peak detection and identification are prevented due to interferences, the 

hexane extract may need to undergo a cleanup.  The extract may be subjected 
to a sulfur cleanup (method 3660) and/or a sulfuric acid cleanup (method 3665). 

 
Note:  Samples routinely receive a sulfuric acid clean up.  However, for samples 
from a known site with a clean matrix, a sulfuric acid clean up may not be 
performed.  Whenever a sample receives a cleanup, the associated QC must 
also be subjected to the same cleanup(s) and reanalyzed. 
 

7.5.9 When a GC system is determined to be out of control because either a CV 
cannot pass or a six point calibration does not meet the correlation coefficient 
criteria, instrument maintenance is likely necessary.  Routine instrument 
maintenance may involve changing the septum, replacing the liner, clipping the 
pre-column, or replacing the column.  This information is recorded in the 
instrument run log (Figure 1).  When an instrument requires more severe 
maintenance like replacing the ECD or an electronic board, this information is 
written in the instrument maintenance logbook. 

 
7.6 Calculations 

 
7.6.1 The concentration of an analyte is calculated by using the calibrated curve that 

is prepared in Target.  When an analyte is identified, Target displays a 
concentration after the file is processed through the appropriate calibration 
method.  Aroclor quantitation is accomplished by the method described in 
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section 7.5.4.1.1.  However, if a sample contains more than one Aroclor, a peak 
common to both analytes must not be used to quantitate either compound.  

 
7.6.2 The concentrations from the reports are then incorporated with the extraction 

data to arrive at a final concentration. 
 
Water:  Concentration (ug/L) = (C) (Vt)/ (Vs) 
 
Soil/Sediment: Concentration (mg/kg) = (C) (Vt)/ (Ws) (D) 
 
where,  C = concentration calculated by Target in ug/ml 

Vt = Volume of total extract including any instrument dilutions 
Vs = Volume of sample extracted 
Ws = Weight of sample extracted 
D = Decimal total solids 

 
7.7 Data Review 

 
7.7.1 Initial Data Review 

 
The initial data review is accomplished by the analyst who ran the samples. 
This review is of sufficient quality and detail to provide a list of samples that 
need to be reanalyzed or diluted and reanalyzed.  The initial data review is 
performed on the detailed quantitation reports of the analyzed samples.  This 
data review examines criteria that directly impact whether or not the sample 
needs to be reanalyzed and/or extracted.  These criteria include: 

 
♦ QC criteria for method blank, LCS, MS/MSD, and calibration – refer to 

section 8.0. 
♦ Surrogate recovery 
♦ Chromatography: cleanups, manual integration. 
♦ Target compound detection: quantitation, confirmation, false positives. 
 
The requirement of the GC laboratory is that this initial data review be 
completed no later than the end of the next workday.  After the analyst has 
completed his or her initial data review, the information is then ready to be 
processed for reporting.  Refer to section 7.8. 

 
7.7.2 Surrogate recovery 

   
 All recoveries must meet the most recently laboratory established acceptance 

limits, which are listed on the GC Laboratory Surrogate Acceptance Limit 
sheet. 
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The sample is evaluated for recoveries of the two surrogates.  If the recovery 
of one surrogate is within the acceptance limit, and the second is out, the data 
is narrated.  If the surrogate recoveries are high for both and the sample 
contains less than the PQL for all target analytes, the data is narrated.  If the 
surrogate recoveries are low and may be attributable to matrix interference or 
a matrix effect, the data is narrated.  If the surrogate recoveries are low and 
the sample concentration is less than the PQL for all target analytes and there 
is no apparent matrix effect, reextract the sample. 
 
For method blanks, if the recoveries of both surrogates are low or high, and the 
blank does not contain any target analytes above the PQL, and the recoveries 
of both surrogates in the sample(s) are acceptable, the data is narrated. If the 
recoveries in the blank are low and it does not contain any target analytes 
above the PQL, and the recoveries in the samples are acceptable but the 
sample contains one or more target analytes above the PQL, the sample may 
be reextracted. 

 
For laboratory control samples (LCS), if the only discrepancy in the extraction 
batch is with the LCS, and the analyte spike recoveries are acceptable, the 
data is narrated.  If the recoveries of both the surrogates and the analyte 
spikes are low, the samples may need to be reextracted.   
 
For DoD QSM 4.1, use QC acceptance criteria specified by DoD, if available.  
Otherwise, use in-house control limits.  When the surrogate recoveries fall 
outside of the acceptance criteria, apply Q-flag to all associated analytes.   

 
7.7.3 Chromatography 
 

The chromatography should be examined for the presence of any non-target 
peaks, which can be used as an indication of whether or not matrix 
interference might be influencing surrogate recoveries.  If the chromatogram 
indicates interferences, then a cleanup may be needed.  See section 7.5.7. 
 
Manual integrations are to be performed when chromatographic conditions 
preclude the computer algorithm from correctly integrating the peak of 
concern.  In no instance shall a manual integration be performed solely to 
bring a peak within criteria. 
 
Each peak of concern is examined by the primary analyst to ensure that the 
peak was integrated properly by the computer algorithm.  Should a manual 
integration be necessary (for instance, due to a split peak, peak tailing, or 
incomplete resolution of isomeric pairs), an “m” qualifier will automatically be 
printed on the quantitation report summary.  The analyst will date and initial 
the “m” on the quanitation report summary and assign a code that indicates 
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the reason for the manual integration.  Refer to Katahdin SOP QA-812 
“Manual Integration on GC/MS, GC, HPLC and IC Datasystems” for more 
information. 
 

7.7.4 Target Compound Detection 
 

GC analysis relies heavily on the experience of the analyst.  Sample 
chromatograms must be evaluated focusing on scientific judgment, knowledge 
of the column behavior and matrix effects.  The chromatogram from channel A 
is evaluated with that from channel B.  If a target analyte is present on both 
channels and the concentration is within the calibration range, and the 
quantitation from both chromatograms agrees within ±40%, the analyte is 
considered present in the sample. In cases where the RPD is greater than 
40% and the analyte is reported, the analyte must be J-flagged and narrated. 
The higher of the two concentrations is reported unless matrix interference is 
causing erroneously high results.  In this case report the lower result and 
narrate.  In some cases a non-confirming analyte may be reported.  In these 
cases the analyte must be Q-flagged and narrated... 
 
In order to avoid reporting false positives, identified peaks on a chromatogram 
may need to be undetected electronically in Target. The possible scenarios 
are: If an analyte is present on one column but its concentration is below the 
PQL, if an analyte is present on one column but does not confirm on the other 
channel, if an analyte is present on both columns but the concentrations differ 
by more than 40%, or if an analyte is present but its retention time is ±0.04 
minutes or more than the retention time of the analyte in the preceding CV. 
The GC Analyst must rely on technical experience in reviewing 
chromatograms in determining if a hit is an actual analyte or a false positive. 
 
If reporting data that has an RPD that is >40%, the data must be flagged with 
a “J” indicating that the result is an estimated value.  Sometimes interference 
on one column (i.e. sulfur) will prevent a target analyte from detection and it is 
present on the conformational column.  In this scenario, the result would be 
reported from one column and need to be “Q” flagged to indicate that it was 
not confirmed on a second column. 

 
7.7.5 Reporting 

 
After the chromatograms have been reviewed and any target analytes have 
been quantitated using Target, the necessary files are brought into KIMS.  
Depending on the QC level requested by the client, a Report of Analysis (ROA) 
and additional reports, such as LCS forms and chronology forms, are 
generated. The package is assembled to include the necessary forms and raw 
data.  The data package is reviewed by the primary analyst and then forwarded 
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to the secondary reviewer.  The secondary reviewer validates the data and 
checks the package for any errors.  When completed, the package is sent to the 
Department Manager for final review.  A completed review checklist is provided 
with each package.  The final data package from the Organics department is 
then processed by the Data Management department.  

   
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

Refer to Table 1 and to details in this section for a summary of QC requirements, acceptance 
criteria, and corrective actions. These criteria are intended to be guidelines for analysts.  The 
criteria does not cover all possible situations.   If any of the QC requirements are outside the 
recovery ranges listed in this section or in Table 1, all associated samples must be evaluated 
against all the QC.  In some cases data may be reported, but may be reanalyzed in other cases.  
Making new reagents and standards may be necessary if the standardization is suspect. The 
corrective actions listed in this section and in Table 1 may rely on analyst experience to 
make sound scientific judgments.  These decisions are based on holding time 
considerations, client and project specific Data Quality Objectives and on review of 
chromatograms.  The supervisor, Operations Manager, and/or Quality Assurance Officer may 
be consulted to evaluate data.  Some samples may not be able to be reanalyzed within hold 
time.  In these cases “qualified” data with narration may be advisable after consultation with the 
client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality Systems 
Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions may be 
different than those specified in this SOP.  In these cases the appropriate information will be 
communicated to the Department Manager and/or senior chemists before initiation of the 
analyses so that specific product codes can be produced for the project.  In addition, the work 
order notes for each project will describe the specific QAPP or QSM to be followed.     

 
            8.1  For each analytical batch (up to 20 samples), a method blank, laboratory control sample 

(LCS), matrix spike and matrix spike duplicate are analyzed.  They are carried through 
all stages of the sample preparation and analysis steps. 

                        8.2     Spike concentrations:  The LCS and the MS/MSD are spiked at the same 
concentration with Aroclor 1660.  The spike concentrations are:   

  
Compound WATER ug/L SOILS mg/kg 
Aroclor 1660 5.0 0.17 

 
  The surrogate spike concentrations in the final extract are: 
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Compound WATER ug/ml SOILS ug/ml 
Tetrachloro-m-xylene(TCX) 0.10 0.10 
DCB 0.10 0.10 

 
8.3 LCS and MS/MSD acceptance criteria and Corrective Action: All QC samples are 

calculated for percent recovery of the spiked analyte. The recoveries are compared to 
laboratory established acceptance limits.  The LCS acceptance limits for PCBs are 
established for both water and soil matrices.  The MS/MSD acceptance limits for PCBs 
use the respective matrix LCS acceptance limits. Separate limits for MS/MSD pairs are 
not calculated because of the varying matrices involved. In addition many of the 
MS/MSD data points cannot be used (i.e. recoveries not calculable due to a matrix 
effect).  
 
If any spike compound in the laboratory control sample falls outside of the established 
recovery acceptance limit window, the QC sample is considered to be out of control and 
any sample that is associated should be evaluated with other QC elements to 
determine the corrective action.   If the recovery is high and the associated samples do 
not contain the specific compound(s), the data can possibly be accepted with narration.  
In other cases, the associated samples must be extracted. 
 
If a spike compound is outside of the acceptance limits in the matrix spike sample but is 
acceptable in the LCS, the data is considered acceptable. The cause of the failure is 
possibly attributable to matrix interference. However, if the compound fails in both the 
LCS and the MS/MSD, the result for that analyte is suspect and may not be reported for 
regulatory compliance purposes. 
 
For DoD QSM 4.1, use QC acceptance criteria specified by DoD, if available. Otherwise 
use in-house control limits.  In-house control limits must not be greater than + 3 times 
the standard deviation of the mean LCS recovery.  If the LCS fails the acceptance 
criteria, correct problem, then reprep and reanalyze the LCS and all samples in the 
associated preparatory batch for failed analytes, if sufficient sample material is 
available.  If reanalysis cannot be performed, data must be qualified and explained in 
the narrative.  Apply Q-flag to specific analyte(s) in all samples in the associated 
preparatory batch.   
 
For MS, when applying DoD QSM 4.1, apply J-flag to specific analyte(s) also in parent 
sample, if acceptance criteria not met.  RPD must be </= 30% between MS and MSD. 

 
8.4 Surrogate acceptance criteria and Corrective Action: Surrogate recoveries are 

calculated on all samples, blanks and spikes. The recoveries are compared to 
laboratory established acceptance limits. 

 
When a sample has a surrogate that falls outside of the laboratory established 
acceptance limit window, the problem should be investigated. If the recovery looks like it 
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is affected by the sample matrix, the sample may be reinjected to confirm matrix 
interference. When a sample has no detectable surrogate recovery, the sample should 
be reextracted. 
 
For DoD QSM 4.1, use QC acceptance criteria specified by DoD, if available.  
Otherwise, use in-house control limits.  When the surrogate recoveries fall outside of 
the acceptance criteria, apply Q-flag to all associated analytes.   

 
8.5 Non-conformance Report: Whenever data is not acceptable because of a failing LCS or 

surrogate recovery, a non-conformance report (NCR) must be initiated as soon as 
possible to document resolution. 

   
  
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance that 
can be measured and reported with 99% confidence that the value is above zero. The MDLs 
are determined prior to sample analysis per type of instrument and filed with the Organic 
Department Manager and with the QAO.  Refer to the current revision of Katahdin SOP QA-
806, Method Detection Limit, Instrument Detection Limit and Reporting Limit Studies and 
Verifications, for procedures on determining the MDL.   

 
Refer to the current revision of Method 8082 for other method performance parameters and 
requirements. 
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TABLE 1 
 

QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action 

6pt calibration 
of Aroclor 
1660, 1242, 
1248, 1254 
and mid-point 
cal of other 
Aroclors 

Initial cal prior to 
sample analysis 

Average Model – at least 5 
points, % RSD </= 20% 
Linear Model – at least 5 points, 
correlation coefficient (r) ≥ 0.990 
Quadratic Model – at least 6 pt 
calibration, coefficient of 
determination (r2) ≥ 0.990 

(1) Repeat Initial calibration 
(2) If single pt cal Aroclor is identified in analysis of 
sample,5 or 6-pt calibration (depending on calibration 
model) of identified compound with reanalysis of sample. 

Independent 
Calibration 
Verification 

Immediately 
following 
calibration 

± 20 % D (1) Reanalyze standard 
(2) Reprep standard 
(3) Reprep standard from fresh stock. 

CCV After every 10 
samples; If 
calibration curve 
previously 
analyzed, 
analyze daily 
before samples. 

± 15 % D (1) Evaluate the samples: If the %D >+15% and sample 
results are <PQL, narrate.  

(2) If %D >±15% only on one channel, narrate. If %D 
>±15% for closing CV, and is likely a result of matrix 
interference, narrate.  

(3)  Otherwise, reanalyze all samples back to last 
acceptable CV. 

Method blank One per prep 
batch 

No analyte detected >PQL 
 

(1) Investigate source of contamination 
(2) Evaluate the samples and associated QC: i.e. If the 

blank results are above the PQL, report sample 
results which are <PQL or > 10X the blank 
concentration. 

(3) Otherwise, reprep a blank and the remaining 
samples. 

LCS One per prep 
batch of twenty 
or fewer 
samples 
 

Laboratory statistically derived 
limits. 

(1) Evaluate the samples and associated QC: i.e. If an 
MS/MSD was performed and acceptable, narrate.   

(2) If an LCS/LCSD was performed and only one of the 
set was unacceptable, narrate.  

(3)  If the surrogate recoveries in the LCS are also low 
but are acceptable in the blank and samples, narrate.  

(4) If the LCS recovery is high but the sample results are 
<PQL, narrate.   

(5) Otherwise, reprep a blank, QC and the remaining 
samples. 

Matrix Spike\ 
Matrix Spike 
Duplicate 

One for every 
set of 20 
samples  
 

Same as for LCS (1) Evaluate the samples and associated QC: i.e. If the 
LCS results are acceptable, narrate. 

(2) If both the LCS and MS/MSD are unacceptable 
reprep samples and QC. 
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TABLE 1 (cont.) 
 

QC REQUIREMENTS 
 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective Action 

Sample 
Duplicate 

One sample 
duplicate per ten 
samples if 
requested 

RPD <20 (1) If lab QC in criteria and matrix interference 
suspected, flag data or narrate 

(2) Otherwise, reanalyze 

Demonstration 
of analyst 
proficiency – 
4 replicates 

Once per 
analyst initially 
and annually 
thereafter 

P&A meet method criteria (1) Repeat P&A study 

MDL study Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and Reporting Limit 
Studies and Verifications”, current revision. 
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TABLE 2 
 

DOD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specified criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

Not Applicable (NA). This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification  

Refer to current revision of  SOP QA-806 
  
  

    

LOQ 
establishment 
and verification 

Refer to current revision of  SOP QA-806 
  
  

    

Retention time 
(RT) window 
width 
calculated for 
each analyte 
and surrogate 

At method set-
up and after 
major 
maintenance 
(e.g., column 
change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT from a 
72-hour study. 

NA. NA.   

Minimum five-
point initial 
calibration 
(ICAL) for all 
analytes 

ICAL prior to 
sample 
analysis. 

6 point calibration of 
Aroclors 1016, 1242, 
1248, 1254 and 1260 - 
One of the options below: 
Option 1: RSD for each 
analyte ≤ 20%; Option 2: 
linear least squares 
regression: r ≥ 0.995; 
Option 3: non-linear 
regression: coefficient of 
determination (COD) r2 ≥ 
0.99 (6 points shall be 
used for second order). 
Mid point calibration of 
Aroclors 1221 and 1232; 
if targets are detected, 6-
point calibration is 
performed. 

Correct problem then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. Calibration may 
not be forced through the 
origin. Quantitation for 
multicomponent analytes 
such as chlordane, 
toxaphene, and Aroclors 
must be performed using 
a 5-point calibration. 
Results may not be 
quantitated using a single 
point. 

Retention time 
window 
position 
establishment 
for each 
analyte and 
surrogate 

Once per ICAL 
and at the 
beginning of 
the analytical 
shift. 

Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed. On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA.   
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TABLE 2 (cont) 
 

DOD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Second source 
calibration 
verification 
(ICV) 

Immediately 
following ICAL. 

All project analytes within 
established retention time 
windows.  
All project analytes within 
± 20% of expected value 
from the ICAL. 

Correct problem, rerun 
ICV. If that fails, repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 

calibration 
verification 
(CCV) 

Prior to sample 
analysis, after 
every 10 field 
samples, and 
at the end of 
the analysis 
sequence. 

All project analytes within 
established retention time 
windows.  
All project analytes within 
± 20% of expected value 
from the ICAL. 

Correct problem, then 
rerun calibration 
verification. If that fails, 
then repeat ICAL. 
Reanalyze all samples 
since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
Retention time windows 
are updated per the 
method. 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater). Blank result 
must not otherwise affect 
sample results. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Laboratory 
control sample 
(LCS) 
containing all 
analytes to be 
reported, 
including 
surrogates 

One per 
preparatory 
batch. 

The laboratory shall use 
laboratory control limits 
(CLs) or use DoD-
generated LCS-CLs, if 
available depending on 
project requirements. In-
house CLs may not be 
greater than ± 3 times the 
standard deviation of the 
mean LCS recovery. A 
number of analytes may 
fall outside the CL but 
within marginal 
exceedance limit 
depending on the total 
number of analytes in the 
LCS. 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  Refer to 
Table G-1 for number 
of marginal 
exceedences allowed.  
Contact Client if 
samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
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TABLE 2 (cont.) 
 

DOD QSM REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix spike 
(MS) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

For matrix evaluation, use 
laboratory control limits 
(CLs) or use DoD-
generated LCS-CLs, if 
available depending on 
project requirements. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation 
only. If MS results are 
outside the LCS limits, the 
data shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix Spike 
duplicate 
(MSD) 

One per 
preparatory 
batch per 
matrix if 
sufficient 
sample is 
available. 

MSD: For matrix 
evaluation, use laboratory 
LCS CLs or use DoD-
generated LCS CLs, if 
available depending on 
project requirements. 
MS/MSD: RPD ≤ 30%. 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Surrogate spike All field and QC 
samples. 

The laboratory shall use 
laboratory CLs or use 
DoD-generated Surrogate 
CLs, if available 
depending on project 
requirements. 

For QC and field 
samples, correct 
problem then reprep 
and reanalyze all failed 
samples for failed 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary.  Contact 
Client if samples 
cannot be reprepped 
within hold time.  

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 

Confirmation of 
positive results 
(second 
column or 
second 
detector) 

All positive 
results must be 
confirmed (with 
the exception 
of Method 
8015). 

Calibration and QC 
criteria same as for initial 
or primary column 
analysis. Results between 
primary and second 
column RPD ≤ 40%. 

NA. Apply J-flag if RPD > 
40%. Discuss in the case 
narrative. 

Use project-specific 
reporting requirements if 
available; otherwise, use 
method reporting 
requirements; otherwise, 
report the result from the 
primary column. 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-329-13 METHOD  8082, current revision  
Procedures 
 
 
 

7.4.5     If the calculated retention time window results in 
a value of 0.03 minutes or less, the laboratory will 
apply nominal windows.  This is done in order to 
avoid any false negative hits because of the 
window being to narrow.  The windows are: ± 
0.07 for all target analytes.  By utilizing these 
windows, a false positive hit may be initially 
indicated, but an experienced analyst could 
determine a false positive from scrutinizing the 
chromatograms. Please note that the use of 
nominal retention time windows may not be 
allowable for certain states, federal programs, or 
clients.   South Carolina does not allow the use of 
nominal limits for compliance work originating in 
their state.  In these cases, a window of ± 0.03 
minutes must be used if the established retention 
time window is less than 0.03 minutes. 

9.3     refers to method 8000B section 7.6.3: If 
the standard deviation of the retention 
times for a target compound is 0.000 (i.e., 
no difference between the absolute 
retention times), then the laboratory may 
either collect data from additional injections 
of standards or use a default standard 
deviation of 0.01 minutes.  (Recording 
retention times to three decimal places 
rather than only two should minimize the 
instances in which the standard deviation 
is calculated as 0.000). 

 
 
 
 
 

Apparatus/Materials 
 
 
 

  

Reagents 
 
 
 

  

Sample 
Preservation and handling 
 
 

 
 

 

QC – Spikes 
 
 
 

  

QC – LCS 
 
 
 
 

  

QC – Accuracy/ Precision 
 
 
 

  

QC - MDL 
 
 
 

PQL    Practical Quantitation Level – three to ten times 
the MDL. 

EQL  Estimated Quantitation Level – five to ten 
times the MDL 
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FIGURE 1 
 

EXAMPLE OF INSTRUMENT RUN LOG 
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FIGURE 2 
 

DATA REVIEW CHECKLIST 
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FIGURE 3 
 

PQLs FOR METHOD 8082  
 

 ANAL
YTE 

Practical Quantitation 
Level (PQL) 

(ug/L) 

Practical Quantitation 
Level (PQL) 

(ug/kg) 
PCB-1016 0.50 17 
PCB-1221 0.50 17 
PCB-1232 0.50 17 
PCB-1242 0.50 17 
PCB-1248 0.50 17 
PCB-1254 0.50 17 
PCB-1260 0.50 17 
PCB-1262 0.50 17 
PCB-1268 0.50 17 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the Katahdin Analytical Services, Inc. procedure 
utilized to dissolve solid matrices and solubilize metals from solid samples prior to analysis 
for metals by ICP-AES and ICP-MS. This SOP applies to samples prepared by EPA 
Method 3050, with method modifications as summarized in Table 2.  

 
This procedure applies to all solid sample (e.g. sediments, sludges, soils, and ashes) 
preparations for ICP-AES and ICP-MS analyses. This method is not a total digestion 
technique for most samples. It is a very strong acid digestion that will dissolve almost all 
elements that could become “environmentally available”. By design, elements bound in 
silicate structures are not normally dissolved by this procedure as they are not usually 
mobile in the environment. 

 
1.1 Definitions 

 
ICP-AES – Inductively Coupled Plasma Atomic Emission Spectroscopy. 
 
ICP-MS – Inductively Coupled Plasma Mass Spectrometry. 
 
LCSS – Laboratory Control Sample for Solids – A standard or solid reference 
material that has been brought through the sample preparation process. 
 
Matrix Spike – An aliquot of a sample to which a known amount of analyte has been 
added before digestion. 
 
PBS – Preparation Blank for Solids – An aliquot of reagent water that has been 
brought through the sample preparation process. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts experienced 
in the acid digestion of solid samples by USEPA Method 3050 for metals analysis. 
Each analyst must demonstrate the ability to generate acceptable results with this 
method.  Refer to Katahdin SOP QA-805, current revision, “Personnel Training & 
Documentation of Training”. 
 
It is the responsibility of all Katahdin technical personnel involved in the acid 
digestion of solid samples by USEPA Method 3050 to read and understand this SOP, 
to adhere to the procedures outlined, and to properly document their data in the 
appropriate lab notebook. Any deviations from the procedure or irregularities with the 
samples should also be recorded in the lab notebook and reported to the responsible 
Department Manager or designated qualified data reviewer. 
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It is the responsibility of the Department Manager to ensure that technical personnel 
perform acid digestions in accordance with this SOP and to confirm that their work is 
properly documented through periodic review  of the associated logbooks. 

 
1.3 Safety 

 
The acids used in this procedure are highly corrosive and reactive, and spiking 
standards contain toxic metals. The toxicity and reactivity of client samples are 
usually unknown, so samples should always be assumed to present a contact 
hazard. To reduce or eliminate exposure to potentially harmful chemicals, lab coats, 
gloves, and safety glasses or goggles must be worn whenever handling samples or 
reagents. Additional safety apparel, including face shields, aprons, dust masks, and 
shoe protectors, is available in the Metals prep lab and should be worn whenever 
circumstances warrant. 
 
Acids should be added to samples slowly and carefully, while watching for reactions. 
This should be done under a hood, in case harmful fumes are evolved. 
 
Hood sashes should be lowered as far as possible whenever beakers are being 
heated on a hot plate. Use caution when handling hot beakers. 
 
Personnel are required to read the Katahdin Hazrdous Waste Management Plan and 
Safety Manual before performing this procedure, and must be familiar with the 
general rules for laboratory safety, personal hygiene, housekeeping, and use of 
protective clothing and equipment. 
 

1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention techniques 
to address their waste generation.  Refer to the current revision of the Katahdin 
Hazardous Waste Management Program for further details on pollution prevention 
techniques. 

 
Excess spiking solutions must be emptied into the corrosive waste carboy located in 
the Metals prep lab for subsequent appropriate disposal in accordance with the 
Katahdin Hazardous Waste Management Plan and Safety Manual. 
 
Sample digestates should be stored for a minimum of 60 days after digestion to allow 
for analysis, and reanalysis if necessary. Digestates older than 60 days may be 
emptied into the corrosive waste carboy in the Metals prep lab for subsequent 
appropriate disposal in accordance with the Katahdin Hazardous Waste Mnagement 
Plan and Safety Manual. 
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2.0 SUMMARY OF METHOD 
 
 A representative 1 to 2 g (wet weight) sample is digested with repeated additions of nitric 

acid and hydrogen peroxide. Hydrochloric acid is added to the initial digestate and the 
sample is refluxed. The digestate is then filtered and diluted to a final volume of 100 mL. 

   
 
3.0 INTERFERENCES 
 

Interferences are discussed in the applicable analytical SOPs. 
   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Digestion vessels. If digestion is performed using a hot plate, the appropriate 
digestion vessels are 100 mL pre-cleaned Griffin beakers (cleaned according to the 
current revision of SOP CA-100, "Labware Cleaning" and CA-602, “Glassware 
Preparation and Sample Preservation for Trace Element Analyses”). If digestion is 
performed using a block digester, the appropriate digestion vessels are new 70 mL 
disposable graduated polyethylene digestion tubes with attached snap lids.  

 
4.2 Ribbed watch glasses. If digestion is performed using a hot plate, 75 mm diameter 

glass watch glasses (pre-cleaned as above) are used. If digestion is performed 
using a block digester, 40 mm diameter disposable polyethylene watch glasses are 
used.  

 
4.3 Adjustable volume automatic pipets covering the range from 10 uL to 1000 uL and 

disposable pipet tips; calibrated Finn pipets or Eppendorf pipets are acceptable. 
 
4.4 Disposable graduated polystyrene specimen containers with pouring lips, 200 mL 

capacity. 
 
4.5 Hot plate or block digester, griddle, or other heating source - adjustable and capable 

of maintaining a temperature of 95oC ± 5oC. Heating sources must be numbered for 
easy identification. 

 
4.6 Device for measuring hot plate temperature, consisting of a flask or digestion vessel 

in which the bulb of a thermometer is immersed in sand or water. The temperature 
of each hot plate used is measured and recordedeach day. The hot plate 
identification number and the measured temperature are recorded on the sample 
preparation logbook sheet. 

 
4.7 Plastic funnels, pre-cleaned as in Section 4.1. 
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4.8 Filter funnel holders, capable of suspending plastic funnels above disposable 
specimen containers. 

 
4.9 Polyethylene wash bottles for dispensing reagent water and 5% HNO3. 
 
4.10 Filter paper, Whatman No. 41 or equivalent. Filters are acid-washed immediately 

prior to use as follows. Place a pre-cleaned funnel in the funnel holder and put a 
disposable plastic specimen container under the funnel to collect the rinsates. Place 
a folded filter in the funnel and rinse three times with approximate 10 mL volumes of 
5% HNO3, making sure the entire surface of the filter is wetted each time and 
allowing each rinse to drain completely before continuing. Then rinse three times 
with approximate 25 mL volumes of reagent water, again allowing each rinse to 
drain completely. Discard the rinsates into the appropriate waste container. The 
acid-washed filter is now ready for use. 

 
4.11 Polyethylene sample containers with screw caps or graduated polyethylene sample 

containers with attached snap lids, 125 mL capacity. 
 
4.12 Repipetters (adjustable repeating pipetters with reservoirs) for dispensing 

concentrated nitric acid, 1:1 HNO3, and concentrated HCl. 
 
4.13 Analytical balance capable of reading to 0.01 gram. 
 
4.14 Spatulas, scoops, or spoons; plastic or stainless steel, rinsed with 5% HNO3 and 

reagent water. Disposable tongue depressors may be used and do not requrire to 
be rinsed.   

   
 
5.0 REAGENTS 
 

5.1 Concentrated nitric acid, HNO3 – trace metals grade. 
 
5.2 Concentrated hydrochloric acid, HCl – trace metals grade. 
 
5.3 Reagent water - water that meets the performance specifications of ASTM Type II 

water (ASTM D1193). 
 
5.4 Nitric acid, 1:1. Add a volume of concentrated HNO3 to an equivalent volume of 

reagent water and swirl gently to mix. 
 
5.5 Nitric acid, 5% v/v. Add 25 mL concentrated HNO3 to 475 mL reagent water in a 500 

mL wash bottle. Cap, point the dispensing tip into a sink, and shake gently to mix. 
 
5.6 30% hydrogen peroxide (H2O2) - spectrometric grade. 
5.7 Multielement spiking solutions (see Table 3 for a list of required spiking solutions). 
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5.8 Solid reference material – a soil containing all the elements of interest, with 

empirically established method-specific recoveries and acceptance limits for all 
analytes.  Solid reference materials are purchased with documentation of analysis 
provided by the vendor.  See Figure 4 for an example certificate of analysis for a 
solid reference material. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Samples should be collected in clean plastic or glass containers. Samples must be 
refrigerated (4oC ±2oC) upon receipt by the laboratory. The holding time for solid samples is 
6 months from the date of sample collection. 

   
 
7.0 PROCEDURE 
 

The procedure described below is condensed for quick reference in Table 3. 
 
SAMPLE PREPARATION 

 
7.1 Prior to performing the digestion, make a list of the samples that are to be digested. 

Enter digestion information (Katahdin Sample Numbers, QC Batch ID, preparation 
date, analyst initials, etc.) into the ACCESS computer spreadsheet.  Print out a copy 
of the spreadsheet (see Figure 2 for an example). Hand label the digestate vessels 

 
7.2 If using glass beakers as the digestion vessels, submerge previously cleaned 

beakers and watch glasses three times into a 10% nitric acid bath, then rinse three 
times with reagent water. The polyethylene digestion tubes used in conjunction with 
the block digeter do not require acid rinsing or precleaning. Label the digestion 
vessels with sample numbers. 

 
7.3 Weigh 1 to 2 g of well-mixed sample into a properly cleaned, labeled, and tared 

Griffin beaker or polyethylene digestion tube. Record (hand write) the weight of 
each sample on the printout of the digestion spreadsheet.  Refer to Katahdin 
Analytical Services SOP CA-108, current revision “Basic Laboratory Technique” for 
more information on subsampling. 

 
7.4 Weigh an appropriate amount of solid reference material to a clean, labeled, and 

tared Griffin beaker or polyethylene digestion tube to serve as a laboratory control 
sample. 

 
7.5 Add spike solutions to matrix spike samples (refer to Tables 3 and 4 for spiking 

instructions). 
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7.6 Using repipetters, add 10 mL of 1:1 HNO3, mix the slurry. Cover with a ribbed watch 
glass and place on heat source. Gently heat the sample to 95oC ± 5 oC and reflux 
for 10 to 15 minutes without boiling. Remove the digestion vessel from the heat 
source and cool the sample. 

 
7.7 Add 5 mL of concentrated HNO3 to the sample, replace the watch glass, and reflux 

for 30 minutes. If brown fumes are generated, indicating oxidation of the sample by 
HNO3, repeat this step (addition of 5 mL of concentrated HNO3) until no brown 
fumes are given off by the sample, indicating complete reaction by HNO3. 

 
7.8 Continue heating the sample at 95oC ± 5oC without boiling until the digestate has 

evaporated to approximately 5 to 10 mL or until two hours have elapsed, whichever 
occurs first. Do not allow the sample to go to dryness. Remove the digestion vessel 
from the heat source and cool the sample. 

 
7.9 Add 2 mL of reagent water and 2 mL of 30% H2O2 to the sample, replace the watch 

glass, and heat gently on the heat source to start the peroxide reaction. Continue 
heating until effervescence subsides. 

 
7.10 Add an additional 2 mL of 30% H2O2 to the sample, replace the watch glass, and 

heat gently on the heat source to start the peroxide reaction. Continue heating until 
effervescence subsides. 

 
7.11 Add an additional 6 mL of 30% H2O2 in 1-mL aliquots with warming until the 

effervescence is minimal or until the general sample appearance is unchanged. 
 

7.12 Continue heating the sample at 95oC ± 5oC without boiling until the digestate has 
evaporated to approximately 5 to 10 mL or until two hours have elapsed, whichever 
occurs first. Do not allow the sample to go to dryness. Remove the sample from the 
heat source and cool. 

 
7.13 Add 10 mL of concentrated HCl to the digest from 7.12, replace the watch glass, 

and reflux at 95oC ± 5oC for 15 minutes.  Remove the sample from the heat source 
and cool. 

 
7.14 Use a pre-cleaned funnel and acid-rinsed filter paper to filter the digestate into a 

clean graduated polystyrene specimen container or graduated polyethylene sample 
container with attached snap lid. Using a wash bottle, rinse the digestion vessel with 
reagent water and add the rinsates to the filter apparatus. After all of the liquid in the 
filter has drained into the specimen container, thoroughly rinse the filter three times 
with small (5-10 mL) volumes of reagent water, allowing the liquid to drain 
completely after each rinse. Using the graduations on the specimen container or 
snap-lid container, dilute to 100 mL with reagent water.  If a specimen container has 
been used, transfer the contents to the corresponding labeled polyethylene sample 
bottle, cap the bottle, and discard the empty specimen container. If a snap-lid 
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container has been used, close and secure the snap-lid. Shake the container gently 
to mix. The digestate is now ready for ICP-AES or ICP-MS analysis. 

 
7.15 Review the ACCESS computer spreadsheet for accuracy.  If any information is 

incorrect, make the necessary changes to the computer spreadsheet and print out a 
corrected copy.  Do not discard the original copy of the spreadsheet.  Record (hand 
write) reagent lot numbers, spiking information, and heat source temperature in the 
appropriate spaces on the spreadsheet. Record any method deviations, 
irregularities with the samples, or other pertinent observations at the bottom of the 
page, and sign and date the spreadsheet. Bind all copies of the spreadsheet in the 
sample preparation log. An example sample preparation logbook page (ACCESS 
spreadsheet) is included as Figure 2.  

 
7.15 Reopen the electronic ACCESS spreadsheet for the digestion and transcribe the 

sample weights from the handwritten, bound copy into the electronic copy.  The 
information in this electronic spreadsheet will later be imported into the ACCESS 
metals database and used to calculate sample concentrations on a weight basis. 

 
7.16 Place each batch of digestates in a box labeled with the QC Batch ID, and put the 

box of digestates in the metals digestates storage area.  
 
CALCULATIONS 

 
7.17 Analytical results for solid samples are reported on a dry weight basis. Total solids 

are determined by the Wet Chemistry Group, and are recorded in spreadsheets that 
are electronically imported into the Access metals database. Final dry weight 
concentrations are calculated by the Access database as follows: 

 
Concentration (mg/kg dry weight) =  (C x V) / (W x S) 

 
where: C = Measured concentration (mg/L) 

V = Digestate final volume (L) 
W = Sample wet weight (kg) 
S = % Solids/100 

   
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

USEPA Method 3050 requires the laboratory to perform specific quality control checks to 
assess laboratory performance and data quality.  Minimum frequencies, acceptance 
criteria, and corrective actions for these control checks are tabulated in Table 1 and are 
described below. Table 1 criteria are intended to be guidelines for analysts.  The table does 
not cover all possible situations.   If any of the QC requirements are outside the recovery 
ranges listed in Table 1, all associated samples must be evaluated against all the QC.  In some 
cases data may be reported, but may be reanalyzed in other cases.  Making new reagents and 
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standards may be necessary if the standardization is suspect. The corrective actions listed in 
Table 1 may rely on analyst experience to make sound scientific judgements.  These 
decisions are based on holding time considerations and client and project specific Data 
Quality Objectives. The Depatment Manager, Operations Manager, and/or Quality Assurance 
Officer may be consulted to evaluate data.  Some samples may not be able to be reanalyzed 
within hold time.  In these cases “qualified” data with narration may be advisable after 
consultation with the client. 

 
8.1 At least one preparation blank for soils (PBS) is processed concurrently with each 

digestion batch of 20 or fewer samples, and is used to assess contamination 
resulting from the digestion procedure. The PBS consists of a 1.0 g of boiling stones 
that is digested using the same reagents as those used to digest associated 
samples. Refer to the appropriate analytical SOP for PBS acceptance criteria and 
corrective actions. 

 
8.2 At least one laboratory control sample for soils (LCSS) is processed concurrently 

with each digestion batch of 20 or fewer samples. The LCSS consists of an aliquot 
of a solid reference material for which the concentrations of the analytes of interest 
have been empirically established (solid-matrix LCSS), or an aliquot of reagent 
water that is spiked to contain all analytes of interest at known concentrations 
(aqueous-matrix LCSS). The solid reference material should normally be used as 
the LCSS, unless a particular client or analytical program requires that spiked 
reagent water be used. The LCSS is digested using the same reagents as those 
used to digest associated samples. Directions for spiking the aqueous-matrix LCSS 
are contained in Table 3. The measured analyte recoveries for the LCSS are used 
to assess digestion method performance. Refer to the appropriate analytical SOP 
for LCSS recovery acceptance criteria and corrective actions. 

 
8.3 Matrix spike samples are processed along with each digestion batch at a minimum 

frequency of one per digestion batch.  A matrix spike sample consists of an aliquot 
of a sample that is fortified with known amounts of all analytes of interest prior to 
digestion.  Matrix spike recoveries are used to assess the biasing effects of sample 
matrix on digestion and analysis performance. Directions for spiking matrix spike 
samples are contained in Figure 2. Refer to the appropriate analytical SOP for 
matrix spike recovery acceptance criteria and corrective actions. 

 
8.4 Matrix spiked duplicate samples are processed concurrently with each digestion 

batch at a minimum frequency of one per digestion batch.  Matrix spiked duplicate 
samples are used to assess the precision of the digestion and analysis methods. 
Refer to the appropriate analytical SOP for matrix spike duplicate precision 
acceptance criteria and corrective actions.  
 
NOTE: Clients may choose specific samples for matrix spike and duplicate analysis; 
otherwise, the choice is left to the person performing the digestion. 
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8.5 The quality control measures and frequencies described above are minimum 
requirements.  Individual clients and analytical programs may impose additional QC 
requirements. 

   
 
9.0 METHOD PERFORMANCE 
 

Refer to the applicable instrumental analysis SOP for method performance information. 
   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

"Test Methods for the Evaluation of Solid Waste," United States Environmental Protection 
Agency, SW-846, Third Edition, Final Update III, 12/96, Method 3050B. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Version 4.1, 04/22/09. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
June 2003. 
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Table 2 Summary of Method Modifications – Method 3050 
Table 3 Preparation of Matrix Spikes and Spiking Solutions 
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Figure 3 Example Certificate of Analysis for Solid Reference Material 
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TABLE 1 
 

QC REQUIREMENTS – METHOD 3050 
 

Method QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action

3050 Preparation Blank for 
Solids (PBS) 

One per prep batch of 
20 or fewer samples. 

Refer to analytical 
method. 

Refer to analytical 
method. 

 Laboratory Control 
Sample for Solids 
(LCSS) 

One per prep batch of 
20 or fewer samples. 

Refer to analytical 
method. 

Refer to analytical 
method. 

 Matrix Spike Sample One per prep batch. 
 

Refer to analytical 
method. 

Refer to analytical 
method. 

 Matrix Spike Duplicate 
Sample 

One per prep batch. 
 

Refer to analytical 
method. 

Refer to analytical 
method. 

 Demonstration of analyst 
proficiency 

One-time 
demonstration by each 
analyst performing the 
method. 

Must pass all 
applicable QC for 
method. 

Repeat analysis until 
able to perform 
passing QC; 
document 
successful 
performance in 
personal training file. 
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS – METHOD 3050 
 

Topic Katahdin SOP CA-605-02 
 

Method 3050, current revision 

Apparatus /Materials 
 
 
 

1) Digestion performed in 100 mL Griffin 
beaker or 70 mL polyethylene tube. 

2) Graduated disposable plastic cup or 120 
mL polyethylene tube used to bring 
digestate to final volume. 

1) Digestion performed in 250 mL Griffin 
beaker. 

2) Volumetric flask used to bring 
digestate to final volume. 

Procedure 1) Digestate volume reduced to 5 to 10 mL 
prior to filtering. 

2) After filtration, the filters are rinsed three 
times with reagent water. 

3) 30% H2O2 is added in two 2 mL 
aliquots and then six 1 mL aliquots. 

 
 

1) Digestate volume reduced to 5 mL 
prior to filtering. 

2) After filtration, the filters are rinsed 
twice with reagent water. 

3)  30% H2O2 is added in one 3 mL 
aliquot and then seven 1 mL aliquots.   
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TABLE 3 

 
PREPARATION OF MATRIX SPIKES AND SPIKING SOLUTIONS FOR DIGESTION OF SOLID 

SAMPLES BY USEPA METHOD 3050 
 

Sample or Solution 
Name 

Component Solution 
Name Source of Component 

Amount of Component 
Added per 100 mL 
Final Volume (mL) 

CLPP-SPK-1 Inorganic Ventures(IV) 0.10 
CLPP-SPK-INT1 Lab Prepared (see below) 1.00 
CLPP-SPK-INT2 Lab Prepared (see below) 1.00 Matrix Spike for ICP-AES 

1000 mg/L Uranium Std. IV or High Purity Standards 0.01 
 
 
 

 

Sample or Solution 
Name 

Component Solution 
Name Source of Component 

Amount of Component 
Added per 100 mL 
Final Volume (mL) 

1000 mg/L 
As,Pb,Sb,Se,Tl 

High Purity Standards 1.0 each 

1000 mg/L Cd High Purity Standards 2.5 
10000 mg/L K High Purity Standards 10.0 

10000 mg/L Na High Purity Standards 7.5 
10000 mg/L Mg High Purity Standards 5.0 

CLPP-SPK-INT1 

10000 mg/L Ca High Purity Standards 2.5 
1000 mg/L Mo IV or High Purity Standards 3.0 

1000 mg/L B,Li,Sn,Sr,Ti IV or High Purity Standards 5.0 each CLPP-SPK-INT2 
10000 mg/L Si High Purity Standards 5.0 
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TABLE 4 

 
ELEMENT CONCENTRATIONS IN  ICP-AES MATRIX SPIKES AND THEIR COMPONENT 

SPIKING SOLUTIONS FOR DIGESTION OF SOLID SAMPLES BY METHOD 3050 
 
 

 CONCENTRATION IN SOLUTION, mg/L 
 Matrix CLPP- CLPP- CLPP- CLPP-   1000 

mg/L 
Element Spike  SPK-1 SPK-4 SPK-INT1 SPK-INT2   U 
Aluminum 2.000 2000       
Antimony 0.100  100 10     
Arsenic 0.100  4 10     
Barium 2.000 2000       

Beryllium 0.050 50       
Boron 0.500    50    

Cadmium 0.250  5 25     
Calcium 2.500   250     

Chromium 0.200 200       
Cobalt 0.500 500       
Copper 0.250 250       

Iron 1.000 1000       
Lead 0.100  2 10     

Lithium 0.500    50    
Magnesium 5.000   500     
Manganese 0.500 500       
Molybdenum 0.300    30    

Nickel 0.500 500       
Potassium 10.000   1000     
Selenium 0.100  5 10     

Silicon 5.000    500    
Silver 0.050 50       

Sodium 7.500   750     
Strontium 0.500    50    
Thallium 0.100  5 10     

Tin 0.500    50    
Titanium 0.500    50    
Uranium 0.100       1000 

Vanadium 0.500 500       
Zinc 0.500 500       
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FIGURE 1 
 

PROCEDURE CONDENSATION – METHOD 3050 
 

1. Prepare and print out ACCESS spreadsheet.   
 
2. If performing digestion on a hot plate, rinse 250 mL Griffin beakers and ribbed watch glasses 

3 times in acid bath. Then rinse beakers and watch glasses 3 times with laboratory reagent 
grade water. If perfoming digestion with block digester, polyethylene digestion tubes do not 
require precleaning.  

 
3. Label digestion vessels (beakers or polyethylene sample tubes) with sample numbers. 
 
4. Weigh 1 to 2 g of well-mixed sample into tared digestion vessels.  Record sample weights. 
 
5. Add spike solutions to matrix spike samples.  
 
6. Add 10 mL 1:1 HNO3 to samples and cover with watch glasses. 
 
7. Reflux for 10 to 15 minutes at 95o ± 5o C. without boiling.  Cool samples. 
 
8. Add 5 mL conc. HNO3, cover beakers, and reflux for 30 minutes. 

 
9. Repeat Step 8 as necessary until digestion is complete. 

 
10. Reduce sample volumes to 5 to 10 mL or heat for 2 hours, whichever occurs first. 
 
11. Cool sample and add 2 mL reagent water and 2 mL 30% H2O2.  Heat gently until 

effervescence subsides. 
 
12. Cool sample and add 2 mL 30% H2O2.  Heat gently until effervescence subsides. 
 
13. Cool samples and add 6 mL of 30% H2O2 in 1 mL aliquots. Heat gently until effervescence 

subsides.  
 

14. Reduce sample volumes to 5 to 10 mL or heat for 2 hours, whichever occurs first. 
 

15. Add 10 mL conc. HCl and reflux for 10 to 15 minutes at 95o ± 5o C.   
 

16. Cool sample and filter into graduated specimen container.  Bring to volume with reagent 
water and transfer to labeled polyethylene bottle. 
 

17. Enter sample weights into ACCESS spreadsheet. 
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FIGURE 2 
 

EXAMPLE PAGE FROM METALS SAMPLE PREPARATION LOGBOOK 
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FIGURE 3 
 

EXAMPLE CERTIFICATE OF ANALYSIS FOR SOLID REFERENCE MATERIAL 
 

 



ADDENDUM

SOP NO CHANGE FORM



Date: 

KATAHDIN ANALYTICAL SERVICES, INC.  
SOP "REVIEW WITH NO CHANGES" FORM 

Name of Person Reviewing SOP: 

Review Date: alal‘a 
SOP Number: cA 60s 
SOP Title: 050 

THE ABOVE REFERENCED SOP HAS BEEN REVIEWED BY A QUALIFIED AND TRAINED 
ANALYST OR SUPERVISOR. NO CHANGES ARE REQUIRED TO THE SOP AT THIS TIME. 

Department Supervisor Signature: 	 Date: 

   

C Z / 

    

QAO Signature: 

b't 



KATAHDIN ANALYTICAL SERVICES, INC.  
SOP "REVIEW WITH NO CHANGES" FORM 

Name of Person Reviewing SOP: i\. ■ c,\AO \CA.S 1-"; thSov\ 

Review Date: \ lea9,V3 

SOP Number: CA - G05 

SOP Title: A ek& 	 Ore 	5aytmoke-5 (g)k. U.S EPA 

0 So 	s coAAts■ 5 b \c? 

THE ABOVE REFERENCED SOP HAS BEEN REVIEWED BY A QUALIFIED AND TRAINED 
ANALYST OR SUPERVISOR. NO CHANGES ARE REQUIRED TO THE SOP AT THIS TIME. 

Department Supervisor Signature: Date: 

eZ/ 7( 5 

 

   

   

    

QAO Signature: 	 Date: 
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1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to describe the procedure utilized by Katahdin Analytical 
Services, Inc. personnel to solubilize metals in aqueous samples, wastes that contain 
suspended solids, and mobility-procedure extracts prior to analysis by inductively coupled 
plasma atomic emission spectroscopy (ICP) and inductively coupled plasma mass 
spectrometry (ICP-MS). This SOP applies to samples prepared by EPA Method 3010, with 
the method modifications mentioned in Table 2.   

 
1.1 Definitions - none. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts 
experienced in the acid digestion of aqueous samples by EPA Method 3010. Each 
analyst must demonstrate and document their ability to generate acceptable results 
with this method. Refer to Katahdin SOP QA-805, current revision, “Personnel 
Training & Documentation of Capability”. 
 
It is the responsibility of all Katahdin technical personnel involved in the acid 
digestion of aqueous samples using EPA Method 3010 to read and understand this 
SOP, to adhere to the procedures outlined, and to properly document their work in 
the appropriate lab notebook. Any deviations from the method or irregularities with 
the samples should also be recorded in the lab notebook and reported to the 
Supervisor or designated qualified data reviewer responsible for these data. 
 
It is the responsibility of the Supervisor to ensure that technical personnel perform 
acid digestions in accordance with this SOP and to confirm that their work is 
properly documented through periodic review  of the associated logbooks. 

 
1.3 Safety 

 
The acids used in this procedure are highly corrosive and reactive, and spiking 
standards contain toxic metals. The toxicity and reactivity of client samples are 
usually unknown, so samples should always be assumed to present a contact 
hazard. To reduce or eliminate exposure to potentially harmful chemicals, lab coats, 
gloves, and safety glasses or goggles must be worn whenever handling samples or 
reagents. Additional safety apparel, including face shields, rubber aprons, dust 
masks, and rubber shoe protectors, is available in the metals prep lab and should 
be worn whenever circumstances warrant. 
 
Acids should be added to samples slowly and carefully while watching for reactions. 
This should be done under a hood, in case harmful fumes are evolved. 
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Hood sashes should be lowered as far as possible whenever beakers are being 
heated in the hood. Use caution when handling hot beakers. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical Health 
and Safety Manual including the Katahdin Hazardous Waste Management Plan and 
must follow appropriate procedures.  These include the use of appropriate personal 
protective equipment (PPE) such as safety glasses, gloves and lab coats when 
working with chemicals or near an instrument and not taking food or drink into the 
laboratory. Each analyst should know the location of all safety equipment. Each 
analyst shall receive a safety orientation from their supervisor, or designee, 
appropriate for the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Program for further details on pollution 
prevention techniques. 
 
Excess spiking solutions must be emptied into the corrosive waste carboy located in 
the metals prep lab for subsequent appropriate disposal in accordance with the 
Chemical Hygiene Plan and Safety Manual. 
 
Sample digestates should be stored for a minimum of 60 days after digestion to 
allow for analysis, and reanalysis if necessary. Digestates older than 60 days may 
be emptied into the corrosive waste carboy in the metals prep lab for subsequent 
appropriate disposal in accordance with the Chemical Hygiene Plan and Safety 
Manual. 
 
Any other wastes generated during the preparation of samples must be disposed of 
in accordance with the Katahdin Chemical Hygiene Plan and Safety Manual and 
SOP SD-903, “Sample Disposal,” current revision.  

   
 
2.0 SUMMARY OF METHOD 
 

The aqueous sample is refluxed with nitric acid in a covered digestion vessel. Additional 
nitric acid is added until the color of the digestate has stabilized. After the digestate has 
been evaporated to a low volume, it is refluxed with hydrochloric acid and diluted to the 
appropriate final volume with reagent water. 

 
Samples may be concentrated  (i.e. final digestate volume less than initial sample volume) 
during digestion if lower detection limits are required. Volumes of reagents and spiking 
standards must be added in proportion to the final volume of the digestate. Because 
concentration of samples during digestion increases the concentrations of dissolved solids 
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and may exacerbate analytical interferences, concentration factors greater than 5 are not 
recommended. 

   
 
3.0 INTERFERENCES 
 

Interferences are discussed in the applicable analytical SOPs. 
   
 
4.0 APPARATUS AND MATERIALS 
 

4.1. 250 mL and 400 mL pre-cleaned Griffin beakers (cleaned according to the current 
revision of SOP CA-100, "Labware Cleaning") for digestion using a hot plate.  If 
digestion will be performed using a block digester, 70ml graduated, polyethylene 
block digester tubes (with attached snap caps) will be used instead of glass 
beakers.   

 
4.2 Ribbed watch glasses.  If digestion is performed using a hot plate, 75 mm diameter 

and 100 mm diameter glass watch glasses (pre-cleaned as above) are used.  If 
digestion is performed using a block digester, 40mm diameter disposable 
polyethylene watch glasses are used.   

 
4.3 Adjustable volume automatic pipets covering the range from 10 uL to 1000 uL and 

disposable pipet tips; calibrated Finn pipets or Eppendorf pipets are acceptable. 
 
4.4 Disposable graduated polystyrene specimen containers with pouring lips, 200 mL 

capacity. 
 
4.5 Hot plate, block digester, or other heating source - adjustable and capable of 

maintaining a temperature of 90-95oC.  Hot plates must be numbered for easy 
identification. 

 
4.6 Device for measuring hot plate temperature.  This may consist of a heat-resistant 

100ml beaker containing reagent water in which a thermometer is immersed.  When 
using a block digester, a digestion tube containing reagent water in which a 
thermometer is immersed may be used.  The temperature of one hot plate is 
measured each day, on a rotating basis.  The hot plate identification number and 
the measured temperature are recorded on the sample preparation logbook sheet. 

 
4.7 Plastic funnels, pre-cleaned as in Section 4.1. 
 
4.8 Filter funnel holders, capable of suspending plastic funnels above disposable 

specimen containers. 
 
4.9 Polyethylene wash bottles for dispensing reagent water and 5% HNO3. 
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4.10 Filter paper, Whatman No. 41 or equivalent. Filters are acid-washed immediately 
prior to use as follows. Place a pre-cleaned funnel in the funnel holder and put a 
disposable plastic specimen container under the funnel to collect the rinsates. Place 
a folded filter in the funnel and rinse three times with approximate 10 mL volumes of 
5% HNO3, making sure the entire surface of the filter is wetted each time and 
allowing each rinse to drain completely before continuing. Then rinse three times 
with approximate 25 mL volumes of reagent water. Discard the rinsates into the 
appropriate waste container. The acid-washed filter is now ready for use. 

 
4.11 Polyethylene sample containers with screw caps or graduated polyethylene sample 

containers with attached snap lids, 125 mL capacity.  These are not necessary 
when using the block digester since the final digestates are stored in the digestion 
tubes.   

 
4.12 Repipetters (adjustable repeating pipetters with reservoirs) for dispensing 

concentrated nitric acid and 1:1 HCl. 
   
 
5.0 REAGENTS 
 

5.1 Concentrated nitric acid, HNO3 – trace metals grade. 
 
5.2 Concentrated hydrochloric acid, HCl – trace metals grade. 
 
5.3 Reagent water - water that meets the performance specifications of ASTM Type II 

water (ASTM D1193). 
 
5.4 Hydrochloric acid, 1:1. Add a volume of concentrated hydrochloric acid to an 

equivalent volume of reagent water and swirl gently to mix. 
 
5.5 Nitric acid, 5% v/v. Add 25 mL concentrated HNO3 to 475 mL reagent water in a 

500 mL wash bottle. Cap, point the dispensing tip into a sink, and shake gently to 
mix. 

 
5.6 Multi-element spiking solutions (as listed in Figure 3). 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Samples to be analyzed for dissolved metals should be filtered through a 0.45 um 
membrane filter and preserved as soon as possible after collection. Samples to be 
analyzed for total metals should be preserved, unfiltered, as soon as possible after 
collection. Aqueous samples are preserved by acidification with nitric acid to a pH of <2. 
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Please refer to Katahdin Analytical Services SOP CA-108, “Basic Laboratory Technique”, 
current revision, for information on subsampling. 

   
 
7.0 PROCEDURES 
 

7.1 Prior to performing the digestion, make a list of the samples that are to be digested. 
Enter digestion information (Katahdin Sample Numbers, QC Batch ID, preparation 
date, analyst initials, etc.) into the ACCESS computer spreadsheet. Print out a copy 
of the spreadsheet. With a permamament marker, make sample labels and attach to 
the polyethylene sample containers that will contain the digestates. 

 
7.2 If using glass beakers as the digestion vessels, submerge previously cleaned 

beakers three times into a 10% nitric acid bath, then rinse three times with reagent 
water. The polyethylene digestion tubes used in conjunction with the block digester 
do not require acid rinsing or precleaning.  Label the digestion vessels with sample 
numbers. 

 
7.3 If digestion is performed using a block digester, the sample aliquot may be 

measured in the digestion vessel using the graduations on the digestion tubes. 
Measure 50 ml of well-mixed sample into a 70 ml block digestion tube. A larger 
sample aliquot may be used (up to 250 mL) if concentration of the sample during 
digestion is desired. Sample volumes larger than 50 mL may be digested in 250 mL 
beakers. Measure aliquot of well-mixed sample into a graduated specimen cup and 
transfer into a properly cleaned 250 mL beaker.  Sample volumes of more than 50ml 
may not be digested using the 70ml block digester tubes.  The volumes of reagents 
and spiking solutions used must be adjusted in proportion to the final digestate 
volume.  The reagent and spiking solution volumes listed below are based on a final 
volume of 50 mL. 

 
7.4 Add spike solutions to matrix spike samples and laboratory control samples (refer to 

Figure 3 for spiking instructions). 
 
7.5 Use a repipetter to add 1.5 mL of concentrated HNO3 (per 50 mL final volume) to 

the sample. Cover with a ribbed watch glass and place on heatsource. Heat 
cautiously, without boiling the sample, and evaporate to a low volume (10 - 15 mL). 

 
NOTE: Do not allow any portion of the bottom of the digestion vessel to go dry 
during any part of the digestion. If a sample is allowed to go to dryness, low 
recoveries may result. Should this occur, discard the digestate and re-prepare the 
sample. 

 
7.6 Cool the sample and add another 1.5 mL aliquot (per 50 mL final volume) of 

concentrated HNO3. Cover and resume heating, increasing the temperature until a 
gentle reflux action occurs. 
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7.7 Continue heating, adding additional acid as necessary, until the digestate is light in 
color or does not change in appearance with continued refluxing. 

 
7.8 Evaporate digestate to a low volume (10 - 15 mL). 
 
7.9 Cool the sample and use a repipetter to add 5 mL (per 50 mL final volume) of 1:1 

HCl. Cover the sample and resume heating, refluxing for an additional 15 minutes to 
dissolve any precipitate or residue resulting from evaporation.  

 
7.10 Allow the sample to cool. 

 
7.11 If the digestate contains visible particulate material, it must be filtered. Use a pre-

cleaned funnel and acid-rinsed filter paper to filter the digestate into a clean 
graduated plastic specimen container or block digester digestion tube. Using a wash 
bottle, rinse the digestion vessel with reagent water and add the rinsates to the filter 
apparatus. After all of the liquid in the filter has drained into the specimen container 
or digestion tube, thoroughly rinse the filter three times with small (5-10 mL) 
volumes of reagent water, allowing the liquid to drain completely after each rinse.  

 
If the digestion was performed using hot plates and the digestate does not contain 
particulate material, simply decant the digestate into a clean graduated specimen 
container (or graduated sample container with attached snap lid), rinse the beaker 
with reagent water, and add the rinsates to the container. 

 
 If the digestion was performed using a block digester and the digestate contains no 

visible particulate material, the digestate may be brought to final volume and stored 
in the digestion tube without decanting or rinsing.   

  
7.12 Using the graduations on the specimen container, snap-lid container or digestion 

tube, dilute to the required final volume with reagent water.  If a specimen container 
has been used, transfer the contents to the corresponding labeled polyethylene 
sample bottle, cap the bottle, and discard the empty specimen container.  If a snap-
lid container or digestion tube  has been used, close and secure the snap-lid.  
Shake the container gently to mix.  The digestate is now ready for analysis. 

 
7.13 Review the ACCESS computer spreadsheet for accuracy. If any information is 

incorrect, make the necessary changes to the computer spreadsheet and print out a 
corrected copy.  Do not discard the original copy of the spreadsheet.  Record (hand 
write) the sample bottle ID, reagent lot numbers, spiking information, initial and final 
volumes, hot plate ID and hot plate temperature in the appropriate spaces on the 
spreadsheet. Record any method deviations, irregularities with the samples, or 
other pertinent observations at the bottom of the page, and sign and date the 
spreadsheet. Bind all copies of the spreadsheet in the sample preparation log. An 
example sample preparation logbook page (ACCESS spreadsheet) is included as 
Figure 1. 
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7.14 Place each batch of digestates in a box labeled with the QC Batch ID, and put the 
box of digestates in the metals digestates storage area. 

 
7.15 A condensation of the procedure described above is included in this SOP as Table 

3. A controlled copy of this table may be posted in the metals preparation laboratory 
for reference by the analyst. 

______________________________________________________________________________ 
 
8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

8.1 At least one preparation blank for waters (PBW) is processed concurrently with 
each digestion batch of 20 or fewer samples, and is used to assess contamination 
resulting from the digestion procedure. The PBW consists of an aliquot of reagent 
water that is digested using the same reagents as those used to digest associated 
samples. The initial and final volumes of the PBW must be identical to those of the 
associated samples (i.e., if the associated samples were concentrated during 
digestion, the PBW must also be concentrated).  Refer to the appropriate analytical 
SOP for PBW acceptance criteria and corrective actions. 

 
8.2 At least one laboratory control sample for waters (LCSW) is processed concurrently 

with each digestion batch of 20 or fewer samples. The LCSW consists of an aliquot 
of reagent water that is spiked to contain all analytes of interest at known 
concentrations, and is digested using the same reagents as those used to digest 
associated samples. The initial and final volumes of the LCSW must be identical to 
those of the associated samples (i.e., if the associated samples were concentrated 
during digestion, the LCSW must also be concentrated).  Directions for spiking the 
LCSW are contained in Figures 3 and 4. The measured analyte recoveries for the 
LCSW are used to assess digestion method performance. Refer to the appropriate 
analytical SOP for LCSW recovery acceptance criteria and corrective actions. 

 
8.3 Matrix spiked samples are processed concurrently with each digestion batch at a 

minimum frequency of one per digestion batch.  A matrix spike sample consists of 
an aliquot of a sample that is spiked with known amounts of all analytes of interest. 
Matrix spike recoveries are used to assess the effects of sample matrix on digestion 
and analysis performance. Directions for spiking matrix spike samples are contained 
in Figures 3 and 4. Refer to the appropriate analytical SOP for matrix spike recovery 
acceptance criteria and corrective actions. 

 
8.4 Matrix spiked duplicate samples are processed concurrently with each digestion 

batch at a minimum frequency of one per digestion batch.  Matrix spiked duplicate 
samples are used to assess the precision of the digestion and analysis methods. 
Refer to the appropriate analytical SOP for matrix spike duplicate precision 
acceptance criteria and corrective actions. 
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NOTE: Clients may choose specific samples for matrix spike and matrix spike 
duplicate analysis; otherwise, the choice is left to the person performing the 
digestion. The sample volumes available may restrict the choice of samples used 
for matrix spike and duplicate digestion. Field blank samples should not be chosen 
for matrix spike and matrix spike duplicate analysis.  
 

8.5 The quality control measures and frequencies described above are minimum 
requirements.  They are summarized for reference in Table 1. Individual clients and 
analytical programs may impose additional QC requirements. 

   
 
9.0 METHOD PERFORMANCE 
 

Refer to the applicable analytical SOPs for method performance information. 
   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 

 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, USEPA SW846, 3rd 
Edition, Final Updates I, II, IIA, IIB, III, IIIA, IIIB and IV, February 2007, Method 3010A.  
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Version 4.1, 04/22/09. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
June 2003. 

Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision. 

Katahdin SOP QA-806, Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications, current revision. 
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TABLE 1 
 

QC REQUIREMENTS 
 

Analytical 
Method 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action 

3010 Preparation 
Blank for Waters 
(PBW) 

One per prep 
batch of 20 or 
fewer samples 

Refer to analytical 
method 

Refer to analytical 
method 

 Laboratory 
Control Sample 
for Waters 
(LCSW) 

One per prep 
batch of 20 or 
fewer samples 

Refer to analytical 
method 

Refer to analytical 
method 

 Matrix Spike 
Sample 

One per prep 
batch 

Refer to analytical 
method 

Refer to analytical 
method 

 Matrix Spike 
Duplicate 
Sample 

One per prep 
batch 

Refer to analytical 
method 

Refer to analytical 
method 

 Demonstration 
of analyst 
proficiency; 
accuracy and 
precision 

One time 
demonstration 
by each 
analyst 
performing the 
method 

Must pass all 
applicable QC for 
method 

Repeat analysis until 
able to perform passing 
QC; document 
successful performance 
in personal training file 
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TABLE 2 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-604-05 EPA METHOD 3010, current 
revision 

Apparatus/Materials 
 
 
 

1) Disposable plastic specimen cup 
used to measure sample volume. 
 
2) Digestion performed in 250 mL, 
400 mL Griffin beaker, or 70ml 
digestion tube to facilitate 
evaporation. 
 
3) Ribbed watch glass used 
throughout digestion to reduce 
contamination. 

1) Graduated cylinder used to 
measure sample volume. 
 
2) Digestion performed in 150 mL 
Griffin beaker. 
 
 
 
3) Ribbed and non-ribbed watch 
glasses alternated in digestion. 

Procedures 
 
 
 

1) Digestate may be analyzed for 
antimony and silver.  
    
2) Sample aliquots larger or smaller 
than 100 mL may be used. 
 
3) Sample evaporated to 10 - 15 
mL. 

1) Digestate may not be analyzed 
for antimony and silver. 
 
2) Requires sample aliquot of 100 
mL. 
 
3) Sample evaporated to 5 mL. 
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TABLE 3 
 

PROCEDURE CONDENSATION:  EPA METHOD 3010 
 

1. If performing digestion on a hot plate, rinse glass beakers and ribbed watch glasses 3 
times in acid bath.  Then rinse beakers and watch glasses 3 times with reagent water.  
If performing digestion with block digester, polyethylene digestion tubes do not require 
precleaning. 

2. Label digestion vessels with sample numbers. 
3. Mix sample well, measure 50 mL (or smaller or larger aliquot) into a polyethylene 

digestion tube.  If using glass beakers, measure aliquot into graduated specimen 
container, and transfer to appropriate digestion vessel.   

4. Add spike solutions to matrix spike samples and LCSW (refer to Figure 3 of this SOP). 
5. Add 1.5 mL (per 50 mL final volume) concentrated HNO3 to sample. 
6. Cover with a ribbed watch glass. 
7. Place on heating device (hotplate or block digester) and evaporate to 10 - 15 mL. 
8. Cool sample and add another 1.5 mL (per 50 mL final volume) concentrated HNO3. 
9. Resume heating until gentle reflux action occurs. 
10. Continue heating, adding additional HNO3 as necessary until digestion is complete. 
11. Evaporate to 10 - 15 mL. 
12. Cool sample and add 5 mL (per 50 mL final volume) 1:1 HCl.  Resume heating and 

reflux gently for 15 minutes. 
13. Cool sample and filter (if necessary) or decant into a graduated polyetheyne digestion 

tube.  Rinse beaker with reagent water and filter or decant rinsate into specimen 
container. 

14. Dilute to appropriate final volume with reagent water. 
15. Cap sample container and shake gently to mix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1 
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EXAMPLE PAGE FROM METALS SAMPLE PREPARATION LOGBOOK 
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FIGURE 2 
 

PREPARATION OF MATRIX SPIKES, LABORATORY CONTROL SAMPLES, AND SPIKING 
SOLUTIONS FOR DIGESTION OF AQUEOUS SAMPLES BY METHOD 3010 

 
 

Sample or Solution 
Name 

Component 
Solution Name Source of Component 

Amount of 
Component Added 

per 50 mL Final 
Volume (mL) 

CLPP-SPK-1 Inorganic Ventures 0.050 

CLPP-SPK-INT1 Lab Prepared (see 
below) 0.50 

CLPP-SPK-INT2 Lab Prepared (see 
below) 0.50 

Laboratory Control 
Sample (LCSW) and 

Matrix Spike 
1000 mg/L Uranium 

Standard Inorganic Ventures 0.005 

 
 
 

Sample or Solution 
Name 

Component 
Solution Name Source of Component 

Amount of 
Component Added 
per 100 mL Final 

Volume (mL) 
1000 mg/L Se High Purity Standards 1.0 
1000 mg/L As High Purity Standards 1.0 
1000 mg/L Pb High Purity Standards 1.0 
1000 mg/L Cd High Purity Standards 2.5 
1000 mg/L Sb High Purity Standards 1.0 
10000 mg/L K High Purity Standards 10.0 

10000 mg/L Na High Purity Standards 7.5 
10000 mg/L Mg High Purity Standards 5.0 

CLPP-SPK-INT1 

10000 mg/L Ca High Purity Standards 2.5 
2007ICS-1 Inorganic Ventures 10.0 

1000 mg/L Sr High Purity Standards 5.0 
1000 mg/L Sn High Purity Standards 5.0 

CLPP-SPK-INT2 

10000 mg/L Si High Purity Standards 5.0 
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FIGURE 3 
 

ELEMENT CONCENTRATIONS IN  MATRIX SPIKES, LABORATORY CONTROL SAMPLES, 
AND THEIR COMPONENT SPIKING SOLUTIONS FOR DIGESTION OF AQUEOUS SAMPLES 

BY METHOD 3010 
 

 CONCENTRATION IN SOLUTION, mg/L 
 

Element Matrix 
Spike LCSW CLPP-

SPK-1
CLPP-
SPK-4 

CLPP-
SPK-
INT1 

CLPP- 
SPK-
INT2 

2007 
ICS-1 

1000 
mg/L 

U 
Aluminum 2.000 2.000 2000      
Antimony 0.500 0.500  100 100    
Arsenic 0.500 0.500  4 10    
Barium 2.000 2.000 2000      

Beryllium 0.050 0.050 50      
Boron 0.500 0.500  50  50 500  

Cadmium 0.250 0.250  5 25    
Calcium 2.500 2.500   250    

Chromium 0.200 0.200 200      
Cobalt 0.500 0.500 500      
Copper 0.250 0.250 250      

Iron 1.000 1.000 1000      
Lead 0.500 0.500  2 10    

Magnesium 5.000 5.000   500    
Manganese 0.500 0.500 500      
Molybdenum 0.300 0.300  30  30 300  

Nickel 0.500 0.500 500      
Potassium 10.000 10.000   1000    
Selenium 0.500 0.500  5 50    

Silicon 5.230 5.230    523 230  
Silver 0.050 0.050 50      

Sodium 7.500 7.500   750    
Strontium 0.500 0.500  50  50   
Thallium 0.500 0.500  5 10    

Tin 0.500 0.500  50  50   
Titanium 1.000 1.000  100  100 1000  
Uranium 0.100 0.100      1000 

Vanadium 0.500 0.500 500      
Zinc 0.500 0.500 500      
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1.0 SCOPE AND APPLICATION 
 

Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable to the determination 
of sub-ppb (ug/L) concentrations of a large number of elements in water samples and in 
waste extracts or digests.  When dissolved constituents are required, samples must be 
filtered and acid-preserved prior to analysis.  No digestion is required prior to analysis for 
dissolved elements in water samples.  Acid digestion prior to filtration and analysis is 
required for groundwater, aqueous samples, industrial wastes, soils, sludges, sediments, 
and other solid wastes for which total (acid-leachable) elements are required. 

 
ICP-MS has been applied to the determination of over 60 elements in various matrices.  
Analytes for which EPA has demonstrated the acceptability Method 6020 in a multi-
laboratory study on solid wastes are listed as “analytes” in Table 4.  Instrument detection 
limits, sensitivities, and linear ranges will vary with the matrices, and operating conditions.  
If Method 6020 is used to determine any analyte not listed in Table 4, it is the responsibility 
of the analyst to demonstrate the accuracy and precision of the method in the waste to be 
analyzed.  The analyst is always required to monitor potential sources of interferences and 
take appropriate action to ensure data of known quality. 

 
An appropriate internal standard is required for each analyte determined by ICP-MS.  
Recommended internal standards are 6Li, 45Sc, 89Y, 103Rh, 115In, 159Tb, 165Ho, and 209Bi. The 
lithium internal standard should have an enriched abundance of 6Li, so that interference 
from lithium native to the sample is minimized.  Other elements may need to be used as 
internal standards when samples contain significant amounts of the recommended internal 
standards. 

 
1.1 Definitions: 

 
CCB - Continuing Calibration Blank - An analyte-free solution consisting of acidified 
reagent water used to verify calibration accuracy periodically during analysis. 
 
CCV - Continuing Calibration Verification - A midrange standard used to verify 
calibration accuracy periodically during analysis. 
 
Duplicate - A second aliquot of a sample that is prepared and analyzed in the same 
way as the original sample in order to determine the precision of the method. 
 
ICB - Initial Calibration Blank - An analyte-free solution consisting of acidified 
reagent water used to verify calibration accuracy. 
 
ICP-MS - Inductively Coupled Plasma Mass Spectrometry. 
 
ICS - Interference Check Samples - Two standards (ICS-A and ICS-AB) used to 
verify the effectiveness of interference correction equations.  Solution ICS-A 
contains only interferents (Al, Ca, Fe, Mg, Na, K, P, S, Mo, Ti, C, Cl) at high 
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concentrations; solution ICS-AB contains interferents at the same concentrations as 
well as analytes at low (20 ug/L) concentrations. 
 
ICV - Initial Calibration Verification - A standard made from a source independent 
from the calibration standards and with analyte concentrations different from those 
in the CCV; used to verify the accuracy of the instrument calibration. 
 
IDL - Instrument Detection Limit - The lowest concentration of an analyte that can 
be determined with 95% confidence. 
 
Internal Standard - Pure analytes added to a sample, extract, or standard solution in 
known amounts and used to measure the relative responses of other method 
analytes that are components of the same sample or solution.  Internal standards 
must be analytes that are not native to the sample. 
 
LCS - Laboratory Control Sample - A standard or solid reference material that has 
been brought through the sample preparation process. 
 
LDR - Linear Dynamic Range - The concentration range over which the instrument 
response to an analyte is linear. 
 
LOD – Limit of Detection – An estimate of the minimum amount of a substance that  
an analytical process can reliably detect. An LOD is analyte and matrix-specific and  
is used for DoD QSM acceptance criteria.  
LOQ – Limit of Quantitation.- The minimum concentration of a target analyte that    
produces a quantitative result within specified limits of precision and bias. 
 
PB - Preparation Blank - Reagent water that has been brought through the sample 
preparation process. 
 
Post-Digestion Spike - An aliquot of a sample to which a known amount of analyte 
has been added before analysis and after digestion, if digestion is required. 
 
PQL - Practical Quantitation Limit - The lowest concentration of an analyte that is 
routinely reported by the laboratory; nominally three to five times the IDL. 
 
Matrix Spike - An aliquot of a sample to which a known amount of analyte has been 
added before digestion. 
 
Serial Dilution - The dilution of a sample by a factor of five.  When corrected by the 
dilution factor, the measured analyte concentrations of the diluted sample should 
agree with those of the original undiluted sample within specified limits.  Serial 
dilution may reflect the influence of interferents. 
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1.2 Responsibilities 
 

This method is restricted to use by, or under the supervision of, analysts 
experienced in ICP-MS analysis by USEPA Method 6020 who are knowledgeable in 
the recognition and in the correction of spectral, chemical, and physical 
interferences in ICP-MS.  Each analyst must demonstrate and document their ability 
to generate acceptable results with this method. Refer to Katahdin SOP QA-805, 
current revision, “Personnel Training & Documentation of Capability”. 

 
It is the responsibility of all Katahdin technical personnel involved in ICP-MS 
analysis by USEPA Method 6020 to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook.  Any deviations from the test or irregularities with the samples should also be 
recorded in the lab notebook and reported to the Department Manager or designated 
qualified data reviewer responsible for this data. 
 

  It is the responsibility of the Department Manager to oversee that members of their 
group follow this SOP, to ensure that their work is properly documented, and to 
initiate periodic review of the associated logbooks. 

 
 1.3 Safety 
 

Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this method 
has not been precisely defined; however, each chemical should be treated as a 
potential health hazard. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Everyone involved with the procedure 
must be familiar with the MSDSs for all the materials used in this procedure. 

 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Plan and must follow appropriate procedures.  These include the use of appropriate 
personal protective equipment (PPE) such as safety glasses, gloves and lab coats 
when working with chemicals or near an instrument and not taking food or drink into 
the laboratory. Each analyst should know the location of all safety equipment. Each 
analyst shall receive a safety orientation from their Department Manager, or 
designee, appropriate for the job functions they will perform.  
 
Samples, sample digestates, standards, and other reagents used in ICP analysis 
may contain high concentrations of acids and toxic metals.  Spilled samples and 
reagents should be cleaned up from instrument and laboratory surfaces 
immediately. 
 
Liquid argon represents a potential cryogenic and suffocation hazard and safe 
handling procedures should be employed at all times when handling liquid argon 
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tanks and fittings.  Safety glasses and cryogenic-resistant gloves should be worn 
when changing or adjusting argon tanks.  
 
The Agilent 7500 ICP-MS spectrometer is safety-interlocked to prevent user 
exposure to harmful electrical voltages, radio frequency emissions, ultraviolet 
radiation, high temperatures, and other hazards.  At no time should the operator 
attempt to disable these interlocks or operate the instrument if any safety interlock is 
suspected to be disabled 

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention and waste 
minimization techniques to address their waste generation.  Refer to the current 
revision of the Katahdin Hazardous Waste Management Program for further details 
on pollution prevention techniques. 
 
Samples, sample digestates, standards, and other reagents used in ICP-MS 
spectrometry may contain high concentrations of acids and toxic metals. They 
should be disposed of in a manner appropriate to the types of hazards they present.  
All digested samples and excess reagents and standards should be disposed of in 
the satellite waste container for corrosive wastes (labeled “Waste Stream A”) that is 
located in the Metals Instrument lab.  Further information regarding waste 
classification and disposal may be obtained by consulting Katahdin Analytical 
Environmental Health and Safety Manual and the Department Manager.   

   
 
2.0 SUMMARY OF METHOD 
 

2.1 Prior to analysis, samples that require total (“acid-leachable”) values must be 
digested using appropriate sample preparation methods (such as USEPA Methods 
3005 - 3051). 

 
2.2 USEPA Method 6020 describes the multi-elemental determination of analytes by 

ICP-MS.  The method measures ions produced by a radio-frequency inductively 
coupled argon plasma.  Analyte species originating in a liquid are nebulized and the 
resulting aerosol transported by argon gas into the plasma torch.  The ions 
produced are entrained in the plasma gas and introduced, by means of a vacuum 
interface, into a mass spectrometer.  The ions produced in the plasma are sorted 
according to their mass-to-charge ratios and quantified with a channel electron 
multiplier.  Interferences must be assessed and valid corrections applied or the data 
flagged to indicate problems.  Interference correction must include compensation for 
background ions contributed by the plasma gas, reagents, and constituents of the 
sample matrix. 
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3.0 INTERFERENCES 
 

Isobaric elemental interferences in ICP-MS are caused by isotopes of different elements 
forming atomic ions with the same nominal mass-to-charge ratio (m/z).  The Agilent 7500 
ChemStation data system is used to correct for these interferences.  This involves 
determining the signal for another isotope of the interfering element and subtracting the 
appropriate signal from the analyte isotope signal.  Isobaric molecular and doubly-charged 
ion interferences in ICP-MS are caused by ions consisting of more than one atom or 
charge, respectively.  Most isobaric interferences which could affect ICP-MS determinations 
have been identified.  Examples include ArCl+ ions on the As signal and MoO+ ions on the 
cadmium isotopes.  While the approach used to correct for molecular isobaric interferences 
is demonstrated below using the natural isotopic abundances from the literature, the most 
precise coefficients for an instrument must be determined from the ratio of the net isotope 
signals observed for a standard solution at a concentration providing suitable (<1 percent) 
counting statistics.  Because the 35Cl natural abundance of 75.77 percent is 3.13 times the 
37Cl abundance of 24.23 percent, the chloride correction for arsenic can be calculated 
(approximately) as follows (where the 38Ar37Cl+ contribution at m/z 75 is a negligible 0.06 
percent of the 40Ar 35Cl+ signal):   

 
Corrected 75As signal (using natural isotopic abundances for coefficient approximations) = 
 
(m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal),  
 
where the final term adjusts for any selenium contribution at 77 m/z. 
 
NOTE:  Arsenic values can be biased high by this type of equation when the net signal at 
m/z 82 is caused by ions other than 82Se+, (e.g., 81BrH+ from bromine wastes or 82Kr from 
krypton contamination in the Ar). 
Similarly: 
 
Corrected   114Cd signal (using natural isotopic abundances for coefficient approximations) 
= (m/z 114 signal) - (0.027) (m/z 118 signal) - (1.63)(m/z 108 signal), 
 
where last 2 terms adjust for any tin or MoO+ contributions at m/z 114. 
 
NOTE:  Cadmium values will be biased low by this type of equation when 92ZrO+  ions 
contribute at m/z 108.  Also, use of m/z 111 for Cd is even subject to direct (92ZrOH+) ions 
and indirect (90ZrO+) additive interferences when Zr is present. 
 
NOTE:   As for the arsenic equation above, the coefficients in the Cd equation are only 
illustrative.  The most appropriate coefficients for an instrument can be determined from the 
ratio of the net isotope signals observed for a standard solution at a concentration providing 
suitable (<l percent) counting precision. 

 
The interference correction equations that are used by this laboratory in performing USEPA 
Method 6020 are listed in Table 4.  The accuracy of these types of equations is based upon 
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the constancy of the observed isotopic ratios for the interfering species.  Corrections that 
presume a constant fraction of a molecular ion relative to the “parent” ion have not been 
found to be reliable, e.g., oxide levels can vary.  If a correction for an oxide ion is based 
upon the ratio of parent-to-oxide ion intensities, the correction must be adjusted for the 
degree of oxide formation by the use of an appropriate oxide internal standard previously 
demonstrated to form a similar level of oxide as the interferent.  This type of correction has 
been reported for oxide-ion corrections using ThO+/Th+ for the determination of rare earth 
elements.  The use of aerosol desolvation and/or mixed plasmas have been shown to 
greatly reduce molecular interferences (the Agilent 7500 ICP-MS spectrometer employs 
spray chamber cooling to effect aerosol desolvation).  These techniques can be used 
provided that method detection limit, accuracy, and precision requirements for analysis of 
the samples can be met. 
 
3.1 Physical interferences are associated with the sample nebulization and transport 

processes as well as with ion-transmission efficiencies.  Nebulization and transport 
processes can be affected if a matrix component causes a change in surface 
tension or viscosity.  Changes in matrix composition can cause significant signal 
suppression or enhancement.  Dissolved solids can deposit on the nebulizer tip of a 
pneumatic nebulizer and on the interface skimmers (reducing the orifice size and 
the instrument performance).  Total solid levels below 0.2% (2,000 mg/L) are 
recommended to minimize solid deposition.  An internal standard can be used to 
correct for physical interferences, if it is carefully matched to the analyte so that the 
two elements are similarly affected by matrix changes.  The internal standard used 
should differ from the analyte of interest by no more than 50 amu.  See table 14 for 
a list of internal standards used.  When the intensity level of an internal standard is 
less than 70 percent or greater than 120 percent of the intensity of the first standard 
used during calibration, the sample must be reanalyzed after a fivefold (1+4) or 
greater dilution has been performed. 

 
3.2 Memory interferences can occur when there are large concentration differences 

between samples or standards that are analyzed sequentially.  Sample deposition 
on the sampler and skimmer cones, spray chamber design, and the type of 
nebulizer affect the extent of the memory interferences that are observed.  The rinse 
period between samples must be long enough to eliminate significant memory 
interference.  

   
 

4.0       APPARATUS AND MATERIALS 
 
4.1 Agilent 7500 ICP-MS system, consisting of the Agilent 7500 ICP-mass spectrometer 

and its controlling computer data station.  The spectrometer is capable of providing 
resolution better than or equal to unit resolution at 10% peak height.  The Agilent 
7500 mass range of 2-260 amu exceeds the method requirement of 2- 240 amu.  
The Agilent 7500 ChemStation software allows automatic corrections for isobaric 
interferences and correction for internal standard responses as required by the 
method.  All critical argon flows including nebulizer argon are under mass flow 
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controller control and a peristaltic pump is used for sample introduction.  Peripheral 
equipment includes a Elemental Scientific SC-4 PX Fast Autosampler and Sample 
Introduction system, and Bullzip PDF printer set to print to file ICPMS_CP.pdf 
located in folder PDF_PRINTS on the desktop. 

 
4.2 Peristaltic pump tubing – 2-stop ESI PVC flared black-black (0.76 mm ID) and 

orange-green (0.38 mm ID).  3-stop Pharmed blue-yellow (1.52 mm ID). 
 
4.3 15 ml 17x100 mm polypropylene or polystyrene disposable test tubes for samples 

and 50 ml polypropylene centrifuge tubes for standards. 
 

4.4 Automatic adjustable-volume pipetters of suitable precision and accuracy.  
Calibrated Eppendorf Reference pipets and Finn digital pipets are appropriate. 

 
4.5 Trace metal grade pipette tips. 

 
4.6 Volumetric glassware or plasticware of suitable precision and accuracy. 

 
4.7 Talc free vinyl gloves. 

 
4.8 Argon gas supply (high purity grade gas or liquid, 99.99%).  

 
4.9 For the determination of trace levels of elements, contamination and loss are of 

prime consideration.  Potential contamination sources include improperly cleaned 
laboratory apparatus and general contamination within the laboratory environment 
from dust etc.  A clean laboratory work area, designed for trace element sample 
handling must be used.  Standards, samples and blanks should be exposed to the 
laboratory environment as little as possible.  The use of preparation blanks and 
spikes should be used to verify the absence of sources of contamination and loss.  
If necessary, polypropylene sample tubes should be rinsed and stored in dilute acid 
prior to use.   

 
NOTE:  Chromic acid must not be used for cleaning glassware for trace metals 
analysis.  

   
  
5.0 REAGENTS 
 

5.1 Acids used in the preparation of standards and for sample processing must be of 
high purity.  Redistilled acids are recommended because of the high sensitivity of 
ICP-MS.  Mallincrodt/Baker “Instra-Analyzed” trace-metals grade acids are 
appropriate. It is important to match the acid concentration in standards and 
samples.  Concentrations of antimony and silver between 50-500 ug/L require 1% 
(v/v) HCI for stability; for concentrations above 500 ug/L additional HCl will be 
needed.  For this reason, it is recommended that antimony and silver concentrations 
in samples and standards be maintained below 500 ppb wherever possible.  Acids 
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are received in poly-coated glass bottles, and are stored under the hood in the 
Metals sample preparation laboratory at room temperature until use.  All acids are 
considered to have a shelf life of three years from date of receipt unless otherwise 
indicated by the vendor.  Refer to the current revision of Katahdin SOP CA-105, 
Reagent and Solvent Handling, for further details. 

 
5.2 Laboratory reagent grade water, trace metals free, equivalent to ASTM Type 1 

(ASTM D 1193), >18 Megohm/centimeter resistivity. 
 

5.3 Single element and multielement stock standard solutions – purchased standards 
prepared from high purity salts or metals, and supplied by the vendors with 
certificates of purity and analysis.  Refer to Tables 5 and 6 for a listing of stock 
standards required, and to Table 9 for element concentrations in stock standards.  
Purchased stock standards are received in polyethylene containers and are stored 
in their original containers at room temperature in the Metals Standards Preparation 
Laboratory.  All purchased stock standards are given an expiration date as indicated 
by the manufacturer. Refer to the current revision of Katahdin SOP CA-106, 
Standard Preparation, Documentation and Traceability, for further details.   

 
5.4 Intermediate standard solutions – laboratory-prepared multielement standards that 

are used in the subsequent preparation of working standards.  Refer to Table 6 for a 
listing of intermediate standards required and for preparation instructions.  Refer to 
Table 8 for element concentrations in intermediate standards. Intermediate 
standards are stored at room temperature in acid-washed polyethylene containers 
in the Metals Standards Preparation Laboratory.   Intermediate standards are 
assigned an expiration date of three months from the date of preparation, or the 
earliest expiration date of a component standard, whichever comes first. Refer to 
the current revision of Katahdin SOP CA-106, Standard Preparation, Documentation 
and Traceability, for further details.   

 
5.5 Working standard solutions – laboratory-prepared multielement standards that are 

used to calibrate the instrument, to provide internal standardization through on-line 
addition, and to perform all necessary QC checks.  Refer to Table 5 for a listing of 
working standards and for preparation instructions.  Refer to Table 7 for element 
concentrations in working standards.  Working standards are stored at room 
temperature in acid-washed polyethylene containers in the Metals Standards 
Preparation Laboratory.   All working standards except the ICSA and ICSAB 
solutions are assigned an expiration date of three months from the date of 
preparation, or the earliest expiration date of a component standard, whichever 
comes first.  The ICSA and ICSAB solutions are assigned an expiration date of one 
week from the date of preparation, or the earliest expiration date of a component 
standard, whichever comes first. Refer to the current revision of Katahdin SOP CA-
106, Standard Preparation, Documentation and Traceability, for further details.   

 
5.6 Blanks: Three types of blanks are required for the analysis.  The calibration blank is 

used in establishing the calibration curve. The preparation blank is used to monitor 
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for possible contamination resulting from the sample preparation procedure.  The 
rinse blank is used to flush the system between all samples and standards. 

 
5.6.1 The calibration blank consists of the same concentrations of the same 

acid(s) used to prepare the final dilution of the analyte calibration solutions 
(currently 1% HNO3 and 0.5% HCl, v/v, in laboratory reagent grade water).  
Use of HCI for antimony and silver is cited in Section 5.1. 

 
5.6.2 The preparation blank must be carried through the complete preparation 

procedure and contain the same volumes of reagents as the associated 
digested sample solutions. 

 
5.6.3 The rinse blank consists of 4% HNO3 and 0.5% HCl,v/v, in reagent water. 

Prepare a sufficient quantity to flush the system between standards and 
samples. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Samples to be analyzed for trace metals by ICP-MS should be collected and preserved as 
described in the following table. 

 
Matrix Container1 Collection 

Volume/ 
Weight 

Preservation/ 
Treatment 

Holding 
Time 

Aqueous (total) P, G 250 mL HNO3 to pH < 2 6 months  
Aqueous 
(dissolved) 

P, G 250 mL Filter, HNO3 to pH < 
2 

6 months 

Solid P, G 10 g Cool, 4°C 6 months 
 
 1 P = polyethylene or, G = glass 
   
 
7.0 PROCEDURES 
  

7.1 Instrument control and data acquisition are completely automated through the use of 
the Agilent Chemstation software.  The main Chemstation screen is accessed by 
double-clicking the “ICP-MS Top” icon on the Windows desktop.  Autosampler tables 
are edited by selecting “Edit Sample Log Table” from the Sequence menu in the 
Agilent Chemstation software.  In the following discussion, software menu items that 
are to be selected are printed in boldface.  The instrument operating conditions, 
acquisition parameters, acquisition masses, and internal standards for analysis 
USEPA Method 6020 are detailed in Table 11.  

 
7.2 Turn on the argon supply at the tank and set the pressure to >700 kPa. 
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7.3 Turn on the water chiller/recirculator. 
 

7.4 Verify that the exhaust hood is in operation. 
 

7.5 Ensure that the internal standard solution bottle is adequately full.  Consumption is 
approximately 2.5 mL/hour. 

 
7.6 Verify that the rinse station reservoir has an adequate supply of reagent water. 

 
7.7 Verify that the drain reservoir has adequate room to accept the day’s drain waste.  

Empty the reservoir as necessary into an appropriate waste container (Waste Stream 
A) located in the Hazardous Waste Storage Area. 

 
7.8 Inspect the peristaltic pump tubes for signs of flattening and wear, and replace them 

as necessary.  Clamp the peristaltic pump tubes into the peristaltic pump. 
 
7.9 Open the Chemstation software by double-clicking the “ICP-MS Top” icon.  Initiate 

the plasma by selecting Instrument>>Instrument Control>>Plasma>>Plasma On 
and allow the instrument to aspirate calibration blank solution for at least 45 minutes.  
During this warm-up, select Tune>>Sensitivity>>Start to start the instrument 
scanning the mass range.  Verify that the flow of sample and internal standard 
solutions through the uptake lines and into the nebulizer is free from pulsations by 
introducing an air bubble into each line and observing its progress.  Adjust the pump 
clamp tension on each line to obtain a constant, pulse-free flow. 

 
7.10 After the 45 minute warm-up, check the responses of masses 82 and 83 to insure 

minimal krypton intereference with selenium.  Mass 83 response should be < 2000 
counts per second.  Then aspirate the Instrument Tune Solution (10 ppb Li, Y, Ce, 
Tl) and check the responses and RSDs at masses 7, 89, and 205. 

 
7.11 Generate a tune report by selecting Tune>>File>>Generate Report.  Evaluate the 

tune report against the tune specifications listed in Table 12.  If the tune passes all 
specifications, proceed to step 7.14.   

 
7.12 If the tune report indicates unacceptable instrument performance for any parameter, 

initiate an autotune by selecting Tune>>Autotune>>Run.  The Chemstation 
software will attempt to tune the instrument to meet the tune specifications, and will 
generate a new tune report after autotuning.  Evaluate the new tune report against 
the tune specifications listed in Table 12.  

 
7.13 Repeat step 7.12 until all tune specifications have been met.  File the final tune 

report. 
 

7.14 Aspirate the P/A tuning solution (see Table6) and run a P/A autotune by selecting 
Tune>>Tune>>P/A Factor>>Run.  This will calibrate the pulse and analog modes of 
the detector.  File the P/A report with the Tune report. 
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7.15 Load the instrument analytical method and calibrations table for USEPA Method 
6020 into memory by selecting Methods>>Load>>K6020.M>>K6020.C. 

 
7.16 Edit the sequence template “K6020.S” to create an analytical sequence table listing 

all of the samples to be analyzed.  To do this, select “Edit Sample Log Table” from 
the Sequence menu in the Agilent Chemstation software. Double-click SMPL from 
the menu at the top left. Fill in the sample table with sample IDs, vial numbers, 
analytical method (K6020.M for all samples), dilution factors, and failure actions.  
When the sample table is complete, select Print to print this table. Close the “Edit 
Sample Log Table” window. Save the sample log table under a new name by 
selecting Save under the Sequence menu and then typing the name. 

 
7.17 Load the autosampler racks according to the analytical sequence printout. 

 
7.18 Select Sequence>>Load and Run Sequence, and select the appropriate 

autosampler sequence table from the displayed list. Enter the analyst’s initials in the 
Operator box.  Change data file name to appropriate designation.  The protocol for 
naming data files is as follows:  the 1st character is a letter that identifies the 
instrument (“J” for the Agilent 75000 ICP-MS), the 2nd character is a letter that 
identifies the year of the run (“X” for 2007, “Y” for 2008, etc.), the 3rd character is a 
letter that identifies the month of the run (“A” for January, “B” for February, etc.), the 
4th and 5th characters are numbers that identify the date of the run (“01” for the first 
day of the month, etc.), and the 6th character is a letter that sequentially identifies the 
run (“A” for the first run of the day on that instrument, “B” for the second run, etc.).  
For example, the run identified as “JYA16A” is the first run of the day that was 
performed on January 16, 2008, using the Agilent 7500 ICP-MS.  Select Run.  The 
instrument will analyze all samples in the order listed in the table.  Analysis must 
proceed in the sequence described in Table 10 to ensure that all necessary quality 
control samples are analyzed at the appropriate frequencies.  A minimum of three 
replicate scans is required for all standards and samples.  Analysis always begins 
with the analysis of a calibration blank followed by at least three multielement 
calibration standards to calibrate the instrument.  The system is flushed with rinse 
blank between each sample and standard, and each sample and standard is 
aspirated for at least one minute prior to the beginning of mass scanning. 

 
7.19 Analysis continues with analysis of the initial calibration verification standard (ICV) 

and the initial calibration blank (ICB) to verify the accuracy of the calibration.  Refer 
to Section 8 and Table 1 for additional information. 

 
7.20 A practical quantitation limit standard (PQL) is analyzed at the beginning of the run to 

verify calibration accuracy at the reporting limit.  Refer to Section 8 and Table 1 for 
additional information. 

 
7.21 A continuing calibration verification standard (CCV) and a continuing calibration 

blank (CCB) must be analyzed at the beginning of the run, after every ten samples, 
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and at the end of the run to verify the continued accuracy of the calibration.  Refer to 
Section 8 and Table 1 for additional information. 

 
7.22 Interference check standard solutions ICS-A and ICS-AB must be analyzed at the 

beginning of each run and every 12 hours to verify the adequacy of interference 
corrections.  Refer to Section 8 and Table 1 for additional information. 

 
7.23 All sample analytical results for a particular element that are bracketed (preceded or 

followed) by failing results in a calibration verification sample (ICV, ICB, CCV, or 
CCB) for that element must not be reported, except as noted in Sections 8.5, 8.6, 
and 8.9.  The sample must be reanalyzed for the element in question. 

 
7.24 All samples that exceed the linear dynamic range must be diluted and reanalyzed.  

 
7.25 If dilutions of digested samples are performed, the measured element concentrations 

must be multiplied by the dilution factor prior to reporting.  This is accomplished 
automatically by entering the dilution factor in the sample log table prior to initiation of 
analysis. 

 
7.26 If an element has more than one monitored isotope, examination of the concentration 

calculated for each isotope, or the isotope ratios, will provide useful information for 
the analyst in detecting a possible spectral interference.  Consideration should 
therefore be given to both primary and secondary isotopes in the evaluation of the 
element concentration.  In some cases, secondary isotopes may be less sensitive or 
more prone to interferences than the primary recommended isotopes, therefore 
differences between the results do not necessarily indicate a problem with data 
calculated for the primary isotopes.  In the case of Pb, quantitation is based on the 
sum of isotopes 206, 207 and 208 to compensate for any variation in naturally 
occurring isotope ratios.  This is accomplished through the use of the interference 
correction equation for lead. 

 
7.27 Calculations, aqueous samples:  Final element concentrations for aqueous samples 

are reported in units of micrograms per liter (ug/L).  The reported concentrations are 
calculated from measured digestate concentrations as follows: 

 
Concentration (ug/L)   =   MC x DF x FV 

 IV 
 
where: MC = Measured digestate concentration (ug/L) 

 DF = Instrument dilution factor 
 FV = Final digestate volume (L) 
 IV = Digested sample volume (L) 

 
7.28 Calculations, solid samples:  Final element concentrations for solid samples are 

reported in units of milligrams per kilogram (mg/kg) on a dry weight basis.  The 
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reported concentrations are calculated from measured digestate concentrations as 
follows: 

 
Concentration (mg/kg dry weight)   =   MC x DF x FV x 100 

 W x S 
 

where: MC = Measured digestate concentration (ug/L) 
 DF = Instrument dilution factor 
 FV = Final digestate volume (L) 
 W = Weight of digested wet sample (g) 
 S = Percent solids 
 

DATA REDUCTION AND REPORTING 
 

7.29 When the analytical run is completed, the analyst should print a run summary and 
create a data import file. 

 
7.30 Follow these steps to print the run summary:  Open the FileView program using the 

“FIVIEW” icon on the Windows Desktop.  Select the data file of interest and move the 
required samples into the “Process List”.  Make sure the “Corrected Data” box is 
checked.  Click the “Process” button.  The data will be displayed in a spreadsheet 
format. 

 
7.31 Select “Configure” from the top menu and “Sublists” from the displayed options.  

Select “Load Sublist” and then select “K6020” from this list of options.  Make sure the 
“Enable Sublist” box is checked.  Click the “OK” button.  This will display only the 
analyte masses in the spreadsheet. 

 
7.32 Select “Quant Info” from the top menu and “Quant Results” from the displayed 

options.  This will display the data in concentration units. Click on the cell in the top 
left corner of the spreadsheet to highlight all data.  Select “Tools” from the top menu 
and “Import Data into Spreadsheet Application” from the displayed options.  Click the 
“Save” button.  The data is transferred to a Microsoft Excel spreadsheet.  Minimize 
this window and return to the FileView spreadsheet. 

 
7.33 Select “Configure” from the top menu and “Sublists” from the displayed options.  

Select “Load Sublist” and then select “INTSTDS” from this list of options.  Make sure 
the “Enable Sublist” box is checked.  Click the “OK” button.  This will display only the 
internal standard masses in the spreadsheet. 

 
7.34 Select “Count Info” from the top menu and “Counts/sec” from this list of options.  This 

will display the data in counts per second units.  Click on the cell in the top left corner 
of the spreadsheet to highlight all data.  Select “Tools” from the top menu and “Import 
Data into Spreadsheet Application” from the displayed options.  Click the “Save” 
button.  The data is transferred to a Microsoft Excel spreadsheet.  Copy the internal 
standard names and results and paste into the analyte results Excel spreadsheet. 
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7.35 In a separate cell of the Excel spreadsheet, input a formula to calculate the percent 
recovery of the internal standard relative to that of the calibration blank for each 
internal standard measurement of each sample. 

 
7.36 Input a formula into the sample results cells to correct the data for dilution. 
 
7.37 Format, print and save (as FileName.XLS, e.g. JYA28A.XLS) this run summary. 
 
7.38 Follow these steps to create the data import file: Open the FileViewNT program using 

the “FIVIEWNT” icon on the Windows Desktop.  Select the data file of interest and 
move the required samples into the “Process List”.  Make sure the “Corrected Data” 
box is checked.  Click the “Process” button.  The data will be displayed in a 
spreadsheet format. 

 
7.39 Select “Configure” from the top menu and “Sublists” from the displayed options.  

Select “Load Sublist” and then select “K6020” from this list of options.  Make sure the 
“Enable Sublist” box is checked.  Click the “OK” button.  This will display only the 
analyte masses in the spreadsheet. 

 
7.40 Select “Quant Info” from the top menu and “Quant Results” from the displayed 

options.  This will display the data in concentration units.  
 

7.41 Select the “Transpose” from the menu.   
 

7.42 Select “Tools” from the top menu and “Copy Selected Data to CSV File” from this list 
of options.  Set the name the file as “FileName.CSV”, e.g., “JYA28A.CSV”.  Click the 
“Save” button.  

 
To import data into the Metals Database: 
 

7.43 Select the “ICPMS Import” icon from the Windows Desktop, the ICPMS Import 
window will appear.  Enter the datafile name without extension, (e.g., “JYA28A”) and 
click the “Import” button. 

 
7.44 When the “Import finished” message appears, close the ICPMS Import window and 

select the “KIMS_METALS” icon from the Windows Desktop.  The Metals Database 
Main Menu will appear. 

 
7.45 Select the “Reporting Menu” button.  From the Reporting Menu screen select the 

Batch QC Menu button and then the “Calculate Batch QC” button. 
 

7.46 From the resulting list of QC results, deselect any items that fail run QC or do not 
need ICP-MS analysis.  Click on the “Accept Selected Batch QC” button. 

 
7.47 From the Metals Main Menu, select the “Additional Data Handling” button.  The Data 

Menu will appear.  Select the “Report Added Compounds” button. 
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7.48 From the resulting list of sample results, deselect any items that fail run QC or do not 
need ICP-MS analysis.  Click on the “Accept Data” button. 

 
7.49 Once all associated data from an analysis run have been processed, go to the 

Generate Coverage portion of the Export Menu and print the Run Log and Logbook 
Page for the analysis run. 

 
7.50 Combine these reports with the raw data printout and the Run Info Sheet and scan 

into a PDF format.  Save in the “ICPMS DATA” section of the “METPDF” directory on 
the IMAGESERVER. 

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

USEPA Method 6020 requires the laboratory to perform specific quality control checks to 
assess laboratory performance and data quality.  Minimum frequencies, acceptance 
criteria, and corrective actions for these control checks are tabulated in Table 1 and are 
described below. Table 1 criteria are intended to be guidelines for analysts.  The table does 
not cover all possible situations.   If any of the QC requirements are outside the recovery 
ranges listed in Table 1, all associated samples must be evaluated against all the QC.  In some 
cases data may be reported, but may be reanalyzed in other cases.  Making new reagents and 
standards may be necessary if the standardization is suspect. The corrective actions listed in 
Table 1 may rely on analyst experience to make sound scientific judgements.  These 
decisions are based on holding time considerations and client and project specific Data 
Quality Objectives. The Department Manager, Operations Manager, and/or Quality Assurance 
Officer may be consulted to evaluate data.  Some samples may not be able to be reanalyzed 
within hold time.  In these cases “qualified” data with narration may be advisable after 
consultation with the client. 
 
In some cases the standard QC requirements listed in this section and in Table 1 may not be 
sufficient to meet the Data Quality Objectives of the specific project.  Much of the work 
performed at the lab is analyzed in accordance with specific QC requirements spelled out in a 
project specific Quality Assurance Project Plan (QAPP) or in a program specific Quality 
Systems Manual (QSM).  The reporting limits, acceptance criteria and/or corrective actions 
may be different than those specified in this SOP.  In these cases the appropriate information 
will be communicated to the Department Manager and/or senior chemists before initiation of 
the analyses so that specific product codes can be produced for the project.  In addition, the 
work order notes for each project will describe the specific QAPP or QSM to be followed.     

 
 INITIAL DEMONSTRATION OF PERFORMANCE 
 

8.1 Instrument detection limits (IDL) are determined quarterly for each analyte analyzed 
on each instrument.  This determination requires seven replicate analyses of a 
reagent blank, performed on three non-consecutive days.  The standard deviation of 
the 21 analyses is multiplied by three to obtain the IDL.  For more information on 
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performing IDL determinations, refer to the current revision of Katahdin SOP QA-
806. 

 
8.2 Method detection limits (MDL) are determined annually for each analyte analyzed by 

each method on each instrument.  This determination requires at least seven 
replicate digestions and analyses of reagent water spiked at 3-5 times the 
anticipated MDL for each analyte.  MDLs differ from IDLs in that the seven 
replicates are digested prior to analysis, and they may be analyzed on a single day.  
The standard deviation of the 7 (or more) replicate analyses is multiplied by the 
Student’s t-value to obtain the MDL.  For more information on performing MDL 
determinations, refer to the current revision of Katahdin SOP QA-806.  

 
8.3 A Lower Limit of Quantitation Check (LLQC) sample must be prepared and 

analyzed annually or on an as-needed basis to confirm the laboratory’s Practical 
Quantitation Limits (PQLs).  The LLQC sample is equivalent to the PQL standard 
(Section 8.9) but is carried through the entire sample preparation and analysis 
process. Element recoveries for the LLQC sample must fall within 70% to 130% of 
the expected concentrations to confirm the previously established PQLs. 

 
ANALYTICAL RUN QC SAMPLES 
 
8.4 Initial instrument calibration: The instrument is calibrated by running a calibration 

blank and at least three multielement calibration standards.  For each element, 
calibration is performed fitting a single order equation to the calibration data, as 
follows: 

 
Y=aX + [Blank] 

     
where: Y = Concentration (ug/L) 

 X = Measured signal intensity (counts per second) 
 a = Slope of the calibration line 
 [Blank] = Measured signal intensity of the calibration blank 
   

Fitting the calibration equation through the measured intensity of the calibration 
blank, rather than through the y-intercept of the line, provides the best calibration 
accuracy at the low end of the calibration range.  When this equation is used, 
however, the Agilent software does not calculate a calibration coefficient.   For this 
reason, calibration accuracy at the high end of the calibration range is checked by 
reanalyzing the highest calibration standard as a sample immediately after 
instrument calibration.  Recoveries for all elements must be within 90% to 110% of 
the true value in the high calibration standard.  If the high calibration standard fails, 
result for the failing elements may not be reported from the run until the problem is 
corrected and a passing high calibration standard has been analyzed.  Calibration 
accuracy in the middle of the calibration range is verified by analysis of the CCV 
solution (see Section 8.6 below).  Calibration accuracy at the reporting limit is 
verified by analysis of the PQL Check Standard (see Section 8.7 below). 
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8.5 The intensities of all internal standards must be monitored for every analysis.  When 
the intensity of any internal standard fails to fall between 70 and 120 percent of the 
intensity of that internal standard in the initial calibration standard, the following 
procedure is followed.  The sample must be diluted fivefold (1+4) and reanalyzed 
with the addition of appropriate amounts of internal standards.  This procedure must 
be repeated until the internal standard intensities fall within the prescribed window.  
The intensity levels of the internal standards for the calibration blanks (ICB and 
CCBs) and calibration verification standards (ICV and CCVs) must agree within ± 20 
percent of the intensity level of the internal standard of the original calibration 
solution.  If they do not agree, terminate the analysis, correct the problem, 
recalibrate, verify the new calibration, and reanalyze the affected samples. 

 
8.6 An Initial Calibration Verification (ICV) solution is analyzed after the initial calibration 

to check calibration accuracy.  The ICV solution is prepared by combining 
compatible elements from standard sources different than those of the calibration 
standards and at concentrations within the linear working range of the instrument.  
The results of the ICV must fall within 90% to 110% of the expected values.  If the 
ICV fails, result for the failing elements may not be reported from the run, unless the 
ICV recovery is greater than 110% and the sample result is less than the PQL. 

 
8.7 Continuing Calibration Verification (CCV) solutions are analyzed after the initial 

calibration, after every ten samples, and at the end of the analytical run.  The CCV 
solution is prepared using the same standards used for calibration at concentrations 
near the mid-point of the calibration curve.  Results of the CCVs must fall within 
90% to 110% of the expected values. If a CCV fails, results for the failing elements 
in samples bracketed by the failing CCV may not be reported, unless the CCV 
recovery is greater that 110% and the sample result is less that the PQL. For DoD 
analyses, results may not be reported without a valid CCV or report flagged results if 
reanalysis is not possible. 

 
8.8 A Practical Quantitation Limit (PQL) Check Standard or low level continuing 

calibration verification (LLCCV) is analyzed at the beginning of each run (after the 
ICV and ICB samples) and at the end of each run.  Element concentrations in this 
solution are one-fifth the laboratory’s practical quantitation limit (assuming a 5-fold 
dilution of all digestates during analysis). Element recoveries for the PQL Check 
Standard must fall within 70% to 130% of the expected values (unless the samples 
analyzed are for the Department of Defense (80% to 120% recovery limits) or other 
client-specific limits are imposed).  If the PQL Check Standard fails, results for the 
failing elements may not be reported from the run, unless the PQL Check Standard 
recovery is greater than the high limit and the sample result is less than the PQL.  

 
8.9 A calibration blank solution is analyzed after each ICV and CCV.  A calibration blank 

that is analyzed after the ICV is called an Initial Calibration Blank (ICB).  A 
calibration blank that is analyzed after a CCV is called a Continuing Calibration 
Blank (CCB).  The absolute values of results of ICBs and CCBs must be less than 
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the applicable reporting limit (or PQL) for each element.  The reporting limit should 
be determined on a project specific basis, taking into account the data quality 
objectives for the project.  This information must be communicated through a project 
QAPP and through the Katahdin project manager.  When no project specific 
reporting limit is specified, the laboratory PQL shall be used.     Some project 
specific limits may require reporting down to the MDL or IDL and taking corrective 
action based on these levels.  Results that fall between the PQL and the IDL or 
MDL must always be flagged as “estimated” with a “J”. 

 
8.10 If an ICB or a CCB fails the acceptance criteria of less than the reporting limit, 

results for the failing elements may not be reported from the run until the problem is 
corrected and a passing ICB or CCB has been analyzed, with the following 
exception.  If the result for an ICB or CCB is greater than  the PQL (or reporting 
limit), sample results that are less than the PQL (or reporting limit) or that are 
greater than or equal to ten times the measured ICB or CCB concentration may be 
reported.  Also, for failing elements, all samples analyzed after the last passing CCB 
must be reanalyzed, with the exception noted above.   

 
8.11 To obtain analyte data of known quality, it is necessary to measure more than the 

analytes of interest in order to apply corrections or to determine whether 
interference corrections are necessary.  If the concentrations of interference 
sources (such as C, Cl, Mo, Zr, W) are such that, at the correction factor, the 
analyte is less than the limit of quantitation and the concentration of interferents are 
insignificant, then the data may go uncorrected.  Note that monitoring the 
interference sources does not necessarily require monitoring the interferent itself, 
but that a molecular species may be monitored to indicate the presence of the 
interferent.  When correction equations are used, all QC criteria must also be met.  
Extensive QC for interference corrections are required at all times.  The monitored 
masses must include those elements whose hydrogen, oxygen, hydroxyl, chlorine, 
nitrogen, carbon and sulfur molecular ions could impact the analytes of interest.  
Interference check solutions ICS-A and ICS-AB are analyzed at the beginning of 
each run and at least every 12 hours during the run to verify the effectiveness of 
interference corrections.  Solution ICS-A contains high concentrations of interferents 
(Al, Ca, Fe, Mg, Na, P, K, S, C, Cl, Mo, and Ti) only.  These should recover between 
80% and 120% of the true value.  The measured concentrations of other elements 
in this solution should be very low, indicating that interfering mass correction 
equations are adequate.  Solution ICS-AB contains interferents at the same high 
concentrations, and all other analytes at 20 ug/L.  Measured recoveries for all 
analytes should be within 80% to 120% of the true values. 

 
PREPARATION BATCH QC SAMPLES 
 

Each digestion batch of twenty or fewer samples will contain a preparation blank 
and a laboratory control sample.  Each batch will also contain one or more of the 
following QC samples: laboratory control sample duplicate, sample duplicate, matrix 
spiked sample, or matrix spiked sample duplicate. 
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8.12 A preparation blank (PBW or PBS), consisting of reagent water carried through the 
same process as associated samples, is prepared with each digestion batch of 
twenty or fewer samples.  The results of preparation blanks must be less than the 
Practical Quantitation Level (PQL) (or project specific reporting limit, if applicable) 
for each element.  If a preparation blank fails, results for the failing elements may 
not be reported from the digestion batch, and all associated samples must be 
redigested, with the following exception.  If the result for a preparation blank is 
greater than the PQL or reporting limit, associated sample results that are less than 
the PQL or reporting limit or that are greater than or equal to ten times the 
measured preparation blank concentration may be reported. 

 
8.13 A laboratory control sample (LCSW, LCSO, or LCSS), consisting of spiked reagent 

water or a solid reference material carried through the same process as associated 
samples, is prepared with each digestion batch of twenty or fewer samples.  Results 
for laboratory control samples must fall within 80% to 120% of the expected value, 
unless vendor-supplied limits (for solid reference materials) or laboratory-generated 
statistical limits are available.  If a laboratory control sample fails, results for the 
failing elements may not be reported from the digestion batch, and all associated 
samples must be redigested, with the following exception.  If the recovery of a 
laboratory control sample is greater than 120%, associated sample results that are 
less than the PQL or reporting limit may be reported. 

 
SAMPLE MATRIX QC SAMPLES 

 
8.14 The relative percent difference (RPD) between matrix duplicate, matrix spike 

duplicate, or laboratory control duplicate sample results is calculated as follows: 
 

RPD (%)   =   |D1 – D2|      x 100 
             (|D1 + D2|)/2 
 

where: D1 = First sample or LCS result 
 D2= Second (duplicate) sample or LCS result 
 

 A control limit of 20% RPD is applied to duplicate analysis, if the result is greater 
than 100 times the instrument detection limit.  If the matrix duplicate analysis fails, 
the associated sample result must be flagged on the report of analysis. 

 
8.15 The recovery for each element in a spiked sample must fall within 75% to 125% of 

the actual value if the result for the unspiked sample is less than four times the 
amount of spike added.  If a recovery fails, the associated sample result must be 
flagged on the report of analysis.  The spike recovery should be calculated as 
follows: 

 
Recovery (%) = S-U *100% 
 SA 
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where: S = Measured concentration of spiked aliquot 
 U = Measured concentration of unspiked aliquot 
 SA = Amount of spike added 

 
8.16 A serial dilution is analyzed to check for chemical or physical interferences.  If the 

analyte concentration of a sample is sufficiently high (minimally, 50 x IDL), the 
measured concentration of a five-fold dilution (1:5 dilution) of the sample should 
agree within 90% to 110% of the original determination. The percent difference 
between the original sample and the serial dilution should be calculated as follows: 

 
   Difference (%) = |L-S| *100% 
            S 
 
 

where: L = Serial dilution result (corrected for dilution) 
 S = Original sample result 
 

 If the serial dilution analysis fails, a matrix interference should be suspected.  The 
action taken is dependent upon project requirements.  The associated sample result 
may be flagged on the report of analysis, the sample may be reanalyzed at dilution 
to eliminate the interference, or a post-digestion spike may be performed (see 
section 8.16). 

 
8.17 An analyte spike that is added to an aliquot of a prepared sample, or its dilution, 

should be recovered within 80% to 120% of the known value if the result for the 
unspiked aliquot is less than four times the amount of spike added.  If the post-
digestion spike is not recovered within these limits, the sample should be diluted 
and reanalyzed to compensate for the matrix interference or the method standard 
additions may be employed. 

   
 

9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 

 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every 
applicable instrument on a quarterly basis.  
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The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 

 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 

 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 

 
Refer to the current revisions of USEPA Method 6020 for other method performance 
parameters and requirements. 

   
 
10.0 APPLICABLE DOCUMENTS/REFERENCES 
 

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, USEPA SW846, 3rd 
Edition, Final Updates I, II, IIA, IIB, III, IIIA, IIIB and IV, February 2007, Method 6020A.  

 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010. 
 
Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Current Version. 
 
Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision. 
 
Katahdin SOP QA-806, Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications, current revision 

 
 Agilent 7500 ICP-MS ChemStation Operator’s Manual, Agilent Technologies, Inc., 2000. 
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TABLE 1 
 

QC REQUIREMENTS 
 

QC Sample Minimum 
Frequency 

Acceptance Criteria Corrective Action 

Initial Calibration, 
minimum 3 points plus a 
calibration blank. 

Daily prior to 
sample analysis. 

Correlation coefficient (r) > 
0.998 

Recalibrate 

Initial Calibration 
Verification (ICV), 
prepared from a second 
source. 

Before beginning a 
sample run. 

Recovery within + 10% of 
true value. 

Do not use results for failing 
elements, unless ICV >110% and 
sample result < PQL/reporting limit. 
 

Initial Calibration Blank 
(ICB) 

Immediately after 
the ICV. 

Absolute value of ICB < 
PQL or project specific 
reporting limit. 

Do not use results if sample > 
PQL/reporting limit and < 10x ICB 
level. 
 

PQL Standard or LLCCV At beginning and 
end of run 

70-130% of true value Do not use results for failing 
elements, unless PQL rec.> upper 
limit and sample result < 
PQL/reporting limit. 

Continuing Calibration 
Verification (CCV) 

At beginning of run, 
after every 10 
samples, and at 
end of run. 

Recovery within + 10% of 
true value. 

1) Do not use bracketed sample 
results for failing elements, unless 
CCV >110% and sample result < 
PQL/reporting limit. 
2) Investigate and correct problem. 

Continuing Calibration 
Blank (CCB) 

Immediately after 
every CCV 

Absolute value of CCB < 
PQL or project specific 
reporting limit. 

Do not use sample results if > 
PQL/reporting limit and < 10x CCB 
level. 
 

Interference Check 
Solution A (ICS-A)  

Before analyzing 
samples, and every 
12 hours during a 
run. 

Interferents: Recovery 
within + 20% of true value. 
Analytes: No criteria 
established (Project 
specific criteria may apply) 

Do not use sample results for 
failing elements. 
 

Interference Check 
Solution AB (ICS-AB) 

Before analyzing 
samples, and every 
12 hours during a 
run. 

Recovery within + 20% of 
true value. 

Do not use sample results for 
failing elements, unless ICSAB 
>120% and sample result < 
PQL/reporting limit. 

Preparation Blank 
(PBW/PBS) 

One per digestion 
batch of 20 or 
fewer samples. 

Less than PQL (standard 
practice), or based on the 
project specific guidelines. 

1) Investigate source of 
contamination. 
2) Redigest and reanalyze all 
associated samples if sample 
concentration ≥ PQL and <10x the 
blank  conc. 

Laboratory Control 
Sample 
(LCSW/LCSS/LCSO) 

At least one per 
digestion batch of 
20 or fewer 
samples. 

Recovery within + 20% of 
true value, unless vendor-
supplied or statistical 
limits have been 
established. 

1) Investigate source of problem. 
2) Redigest and reanalyze all 
associated samples, unless LCS 
>120% and sample result < PQL. 
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TABLE 1 (continued) 
 

QC REQUIREMENTS 
 

QC Sample Minimum 
Frequency 

Acceptance Criteria Corrective Action 

Duplicate Sample (D), 
Matrix Spike Duplicate (P), 
or LCS Duplicate 
(LC2W/LC2S/LC2O) 

See section 8.11 1) RPD ≤ 20%, if sample 
> 100x IDL. 

Flag results 

Post-Digestion Matrix 
Spike (A) 

When serial dilution 
fails and analyte 
concentration < 100 
x MDL. 

Recovery + 20% of true 
value, if sample < 4x spike 
added. 

Flag results and/or analyze sample 
by method of standard additions. 

Serial Dilution (L) 1 per digestion 
batch 

If original sample result is 
at least 50x IDL, 5-fold 
dilution must agree within 
± 10% of the original 
result. 

Flag result or dilute and reanalyze 
sample to eliminate interference. 

Internal Standard (IS) 
 

Appropriate IS 
required for all 
analytes in all 
samples.  Mass of 
IS must be <50 
amu different from 
that of analyte. 

1) For each sample, IS 
intensity within 70%-120% 
of that of initial calib. 
blank. 
2) For ICV, ICB, CCV, and 
CCB, IS intensity within 
80%-120% of that in initial 
calib. blank. 

Do not use results for failing 
elements. 
 

Instrument Detection Limit 
(IDL) Study 

Quarterly. IDL < MDL 
PQL at least 2-3x IDL 

1) Repeat IDL study. 
2) Raise PQL. 

Method Detection Limit 
(MDL) Study 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit and 
Reporting Limit Studies and Verifications”, current revision. 

Lower Limit of Quantitation 
Check (LLQC) Sample 

Digest and analyze 
annually or as 
needed to confirm 
PQLs 

70% - 130% of true value Reevaluate PQLs 

Method of Standard 
Additions 

When matrix 
interference is 
suspected 

r > 0.995 Dilute and reanalyze sample to 
eliminate interference. 
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TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise 
method-specified criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

NA. This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

LOQ 
establishment 
and verification 

Refer to current 
revision of  
SOP QA-806 

        

Instrument 
detection limit 
(IDL) study 

At initial set-up 
and after 
significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

IDLs shall be ≤ LOD. NA. NA. Samples may not be 
analyzed without a valid 
IDL. 

Tuning Prior to ICAL. Mass calibration ≤ 0.1 
amu from the true value; 
Resolution < 0.9 amu full 
width at 10% peak height; 
For stability, RSD ≤ 5% 
for at least four replicate 
analyses. 

Retune instrument 
then reanalyze tuning 
solutions. 

Flagging criteria are not 
appropriate. 

No analysis shall be 
performed without a valid 
MS tune. 

Initial 
calibration 
(ICAL) for all 
analytes 
(minimum one 
high standard 
and a 
calibration 
blank) 

Daily ICAL prior 
to sample 
analysis. 

If more than one 
calibration standard is 
used, r ≥ 0.995. 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. 

Second source 
calibration 
verification 

Once after 
each ICAL, 
prior to 
beginning a 
sample run. 

Value of second source 
for all analytes within ± 
10% of true value. 

Verify second source 
standard. Rerun 
second source 
verification. If that fails, 
correct problem and 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 
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TABLE 2 (cont) 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
calibration 
verification 
(CCV) 

After every 10 
field samples 
and at the end 
of the analysis 
sequence. 

All analytes within ± 10% 
of true value. 

Correct problem, rerun 
calibration verification. 
If that fails, then repeat 
ICAL. Reanalyze all 
samples since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 

Low-level 
calibration 
check standard 

Daily, after 
one-point ICAL. 

Within ± 20% of true 
value. 

Correct problem, then 
reanalyze. 

Flagging criteria are not 
appropriate. 

No samples may be 
analyzed without a valid 
low-level calibration check 
standard. Low-level 
calibration check standard 
should be less than or 
equal to the reporting 
limit. 

Linear dynamic 
range or high-
level check 
standard 

Every 6 
months. 

Within ±10% of true 
value. 

NA. NA.   

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater).  
For negative blanks, 
absolute value < LOD. 
Blank result must not 
otherwise affect sample 
results.   
 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.   

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Calibration 
blank 

Before 
beginning a 
sample run, 
after every 10 
samples, and 
at end of the 
analysis 
sequence. 

No analytes detected > 
LOD. 
For negative blanks, 
absolute value < LOD. 
 

Correct problem. Re-
prep and reanalyze 
calibration blank. All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Apply B-flag to all results 
for specific analyte(s) in 
all samples associated 
with the blank. 

  

Interference 
check solutions 
(ICS-A and 
ICS-AB) 

At the 
beginning of an 
analytical run 
and every 12 
hours. 

ICS-A: Absolute value of 
concentration for all non-
spiked analytes < LOD 
(unless they are a verified 
trace impurity from one of 
the spiked analytes); ICS-
AB: Within ± 20% of true 
value. 
May use < LOD for some 
projects. 

Terminate analysis, 
locate and correct 
problem, reanalyze 
ICS, reanalyze all 
samples. 

If corrective action fails, 
apply Q-flag to all results 
for specific analyte(s) in 
all samples associated 
with the ICS. 
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TABLE 2 (cont) 
 

DoD QSM REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

LCS containing 
all analytes to 
be reported 

One per 
preparatory 
batch. 

Water: 
Recovery must be within 
+ 20% of the true value 
Soil: 
Recovery must be within 
vendor supplied limits 
(varies by lot). 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix spike 
(MS) 

One per 
preparatory 
batch per 
matrix 

For matrix evaluation, use 
recovery must be within + 
20% of the true value. 

Examine the project-
specific DQOs. If the 
matrix spike falls 
outside of DoD criteria, 
additional quality 
control tests (dilution 
test and post-digestion 
spike addition) are 
required to evaluate 
matrix effects. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation 
only. If MS results are 
outside the LCS limits, the 
data shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix spike 
duplicate 
(MSD) or 
sample 
duplicate 

One per 
preparatory 
batch per 
matrix. 

MSD: For matrix 
evaluation use recovery 
must be within + 20% of 
the true value. MSD or 
sample duplicate: RPD < 
20% (between MS and 
MSD or sample and 
sample duplicate). 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Dilution test One per 
preparatory 
batch. 

For samples with 
concentrations > 50 x 
LOQ then five-fold dilution 
must agree within ± 10% 
of the original 
measurement. 

Perform post-digestion 
spike addition. 

Flagging criteria are not 
appropriate. 

Only applicable for 
samples with 
concentrations > 50 x 
LOQ. 

Post digestion 
spike addition 

When dilution 
test fails or 
analyte 
concentration 
for all samples 
< 50 x LOD. 

Recovery within 75-125%  Run all associated 
samples in the 
preparatory batch by 
method of standard 
additions (MSA) or see 
flagging criteria. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

Spike addition should 
produce a concentration 
of 10 – 100 x LOQ. 

Method of 
standard 
additions 
(MSA) 

When matrix 
interference is 
confirmed. 

NA. NA. NA. Document use of MSA in 
the case narrative. 

Internal 
standards (IS) 

Every sample. IS intensity within 30-
120% of intensity of the IS 
in the ICAL. 

Flagging criteria are 
not appropriate. 

Reanalyze sample at 5-
fold dilution with addition 
of appropriate amounts of 
internal standards. 

  

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-627-07 
 

METHOD 6020, current revision 

Apparatus/Materials 
 
 
 

  

Reagents 
 
 
 

  

Sample preservation/ 
handling 
 
 

  

Procedures 
 
 
 

  

QC - Spikes 
 
 
 

  

QC - LCS 
 
 
 

  

QC - 
Accuracy/Precision 
 
 

  

QC - MDL 
 
 
 

  

QC - Calibration 
Blanks 

 
 

Acceptance criteria employed for 6020:  
± PQL 

Acceptance criteria stated in 6020:  
<10% of PQL  
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TABLE 4 
 

ISOTOPES MONITORED AND CORRECTION EQUATIONS USED FOR USEPA METHOD 6020 
 

Element 
Class Element Sym-

bol 
Isotopes 

Monitored Correction Equations [See note 1] 

Aluminum Al 27  
Antimony Sb 121, 123  

Arsenic As 75 75As = (75)*1 - (77)*2.95 + (82)*2.548 – (83)*2.571 
[See note 2] 

Barium Ba 135, 137  
Beryllium Be 9  

Boron B 11  
Cadmium Cd 106, 108, 111, 

114 
111Cd = (111)*1 – (108)*1.073 + (106)*0.764  [See 
note 3] 
114Cd = (114)*1 – (118)*0.0268  [See note 4] 

Calcium Ca 44 44Ca = (44)*1 – (88)*0.0169  [See note 7] 
Chromium Cr 52, 53  

Cobalt Co 59  
Copper Cu 63, 65  

Iron Fe 54, 56, 57 54Fe = (54)*1 – (52)*0.0282  [See note 8] 
57Fe = (57)*1 – (43)*0.03  [See note 9] 

Lead Pb 206, 207, 208 208Pb = (208)*1 + (206)*1 + (207)*1  [See note 5] 
Magnesium Mg 25  
Manganese Mn 55  
Molybdenum Mo 98 98Mo = (98)*1 – (99)*0.146  [See note 10] 

Nickel Ni 60, 61  
Potassium K 39  
Selenium Se 82 82Se = (82)*1 – (83)*1.009  [See note 11] 

Silver Ag 107, 109  
Sodium Na 23  

Strontium Sr 88  
Thallium Tl 203, 205  
Thorium Th 232  

Tin Sn 118, 120  

Tungsten W 182  

Uranium U 238  

Vanadium V 51 51V = (51)*1 – (53)*2.95 + (52)*0.333  [See note 12] 

Analytes 

Zinc Zn 66, 67, 68  
Bismuth Bi 209  

Germanium Ge 72  
Indium In 115 115In = (115)*1 – (118)*0.016  [See note 6] 
Lithium Li 6  

Scandium Sc 45  
Terbium Tb 159  

Internal 
Stan- 
dards. 

Yttrium Y 89  
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TABLE 4 (continued) 
 

ISOTOPES MONITORED AND CORRECTION EQUATIONS USED FOR USEPA METHOD 6020 
 
Notes: 
 

1) Numbers in parentheses, e.g “(51)”, indicate measured counts at the indicated mass. 
2) Corrects for ArCl interference, taking into account secondary interferences from Se and Kr 
3) Corrects for MoO interference, taking into account secondary interference from 108Cd 
4) Corrects for Sn interference 
5) Corrects for variations in isotopic composition of lead 
6) Corrects for Sn interference 
7) Corrects for interference from 88Sr2+ 
8) Corrects for Cr interference 
9) Corrects for Ca interference 
10) Corrects for Ru interference 
11) Corrects for Kr interference 
12) Corrects for ClO, taking into account secondary interference from Cr 
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TABLE 5 
 

PREPARATION OF CALIBRATION AND QUALITY CONTROL STANDARDS 
 

Sample or Solution 
Name 

Component 
Solution Name Source of Component 

Amount of Component 
Added per 100 mL 
Final Volume (mL) 

CL-CAL-3 Spex Industries 0.005 

ICP-MS-MIX-Z Lab Prepared 0.01 

Calibration Standard 1 
(S1) 

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS CAL 1 Lab Prepared 0.025 

CL-CAL-3 Spex Industries 0.05  

ICP-MS-MIX-Z Lab Prepared 0.10 

Calibration Standard 2 
(S2) 

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS CAL 1 Lab Prepared 0.25 

CL-CAL-3 Spex Industries 0.25 

ICP-MS-MIX-Z Lab Prepared 0.50 

Calibration Standard 3 
(S3) / CCV 

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS CAL 1 Lab Prepared 1.25 

CL-CAL-3 Spex Industries 0.50 

ICP-MS-MIX-Z Lab Prepared 1.0 

Calibration Standard 4 
(S4) / High Standard 

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS CAL 1 Lab Prepared 2.5 

CL-ICS-1,CL-ICS-4, 
CL-ICS-5 Spex Industries 0.20 of each 

CL-ICS-3 Spex Industries 2.0 

1000 mg/L Si Inorganic Ventures 0.040 

1000 mg/L Al Inorganic Ventures 0.038 

Initial Calibration 
Verification (ICV) 

(1.0% HNO3 /  
0.5% HCl) 

1000 mg/L B, W Inorganic Ventures 0.002 of each 

CL-CAL-3 Spex Industries 0.25  
Continuing Calibration 

Verification (CCV) 
(1.0% HNO3/ 

0.5% HCl) 

ICP-MS-MIX-Z, 
ICP-MS CAL 1,   
ICP-MS-MIX-Y 

Lab Prepared  0.50 of each  
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TABLE 5 (continued) 
 

PREPARATION OF CALIBRATION AND QUALITY CONTROL STANDARDS 
 

Sample or Solution 
Name 

Component 
Solution Name Source of Component 

Amount of Component 
Added per 100 mL 
Final Volume (mL) 

Practical Quantitation 
Limit Solution (PQL) 

(1.0% HNO3 / 
0.5% HCl) 

ICP-MS PQL 
Intermediate  

 
Lab Prepared 0.1 

Interference Check 
Solution A (ICS-A) 

(1.0% HNO3 /  
0.5% HCl) 

6020ICS-0A Inorganic Ventures 10.0 

6020ICS-0A Inorganic Ventures 10.0 
ICP-MS-CAL 1 Lab Prepared 1.0 

Interference Check 
Solution AB (ICS-AB)  

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS ICSAB 
Intermediate Lab Prepared 1.0 

1000 mg/L Co, Cr, 
Mo, Mn, Pb, Sb, Sr, 

U, V 
High Purity Standards 0.02 P/A Tuning Solution 

(1.0% HNO3 /  
0.5% HCl) 10,000 mg/L Al, K, 

Na High Purity Standards 0.002 

Instrument Tuning 
Solution 

(1.0% HNO3 /  
0.5% HCl) 

ICP-MS-TS-2 High Purity Standards 0.10 

Internal Standard 
Solution 

(5.0% HNO3 / 
0.5% HCl) 

Internal Standard 
Mix Spex Industries 10 

ICP-MS Method 
Tune Intermediate Lab Prepared 1.0 Method Tuning 

Solution 
(1.0% HNO3 /  

0.5% HCl) 
Internal Standard 

Mix 1 Spex Industries 1.0 
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TABLE 6 
 

PREPARATION OF INTERMEDIATE STANDARDS 
 

Sample or Solution 
Name 

Component Solution 
Name Source of Component 

Amount of Component 
Added per 100 mL 
Final Volume (mL) 

10,000 mg/L K, Na High Purity Standards or 
Inorganic Ventures 

2.0 of each 

10,000 mg/L Si High Purity Standards or 
Inorganic Ventures 

1.0 

10,000 mg/L Al High Purity Standards or 
Inorganic Ventures 

0.60 

1000 mg/L B High Purity Standards or 
Inorganic Ventures 

0.40 

10,000 mg/L Ca, Fe, 
Mg 

1000 mg/L Zn 

High Purity Standards 0.20 of each 

1000 mg/L As, Se, V, 
W, Sr, Sn, Mo, Cr 

High Purity Standards or 
Inorganic Ventures 

0.10 of each 

1000 mg/L Cu High Purity Standards 0.06 

1000 mg/L Ba, Mn, Ni High Purity Standards 0.04 of each 

ICP-MS PQL 
Intermediate 
(1.0% HNO3 / 

0.5% HCl) 
 

1000 mg/L U, Be, Cd, 
Co, Ag, Tl, Pb, Sb 

High Purity Standards 0.02 of each 

1000 mg/L Ag, As, Ba, 
Be, Cd, Co, Cr, Cu, 
Mn, Mo, Ni, Pb, Sb, 

Se, Tl, U, V, Zn 

High Purity Standards 0.2 of each 

ICP-MS CAL 1 
(1.0% HNO3 /  

0.5% HCl) 
10,000 mg/L Al High Purity Standards or 

Inorganic Ventures 
0.02 

10,000 mg/L K, Na, 
Fe, Mg, Ca 

High Purity Standards or 
Inorganic Ventures 

5.0 of each 

10,000 mg/L Si High Purity Standards or 
Inorganic Ventures 

1.0 

10,000 mg/L Al High Purity Standards or 
Inorganic Ventures 

0.95 

ICP-MS-MIX-Z 
(1.0% HNO3 /  

0.5% HCl) 

1000 mg/L B, Sn, Sr, 
W 

High Purity Standards or 
Inorganic Ventures 

0.50 of each 
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TABLE 6 (Cont’d) 
 

PREPARATION OF INTERMEDIATE STANDARDS 
 

10,000 mg/L Al High Purity Standards or 
Inorganic Ventures 0.030 ICP-MS-MIX-Y 

(1.0% HNO3/  
0.5% HCl) 

1000 mg/L As, Ba, Cr, 
Cu, Mn, Mo, Ni, Pb, Se, 

Sb, V, Zn 

High Purity Standards or 
Inorganic Ventures 0.30 of each 

10,000 mg/L Si High Purity 0.50 ICP-MS ICSAB 
Intermediate 
(1.0% HNO3 /  

0.5% HCl) 1,000 mg/L B, Sn, Sr,  W High Purity or Inorganic 
Ventures 0.20 each 

ICP-MS Method Tune 
Intermediate 
(1.0% HNO3 / 

0.5% HCl) 

1000 mg/L Be, Co, Pb, Tl
10,000 mg/L Mg 

High Purity Standards or 
Inorganic Ventures 0.1 of each 
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TABLE 7 
 

ELEMENT CONCENTRATIONS IN WORKING STANDARDS 
 

CONCENTRATION IN SOLUTION, ug/L 
Element  

S1 
 

S2 
 

S3 
 

S4 
 

ICV 
 

PQL 
 

CCV 
P/A Tune 

Soln. 
Aluminum 10.0 100.0 500.0 1000.0 400.0 60.0 500.0 200 
Antimony 0.5 5.0 25.0 50.0 20.0 0.2 25.0 200 
Arsenic 0.5 5.0 25.0 50.0 20.0 1.0 25.0  
Barium 0.5 5.0 25.0 50.0 20.0 0.4 25.0  

Beryllium 0.5 5.0 25.0 50.0 20.0 0.2 10.0  
Boron 0.5 5.0 25.0 50.0 20.0 4.0 25.0  

Cadmium 0.5 5.0 25.0 50.0 20.0 0.2 10.0  
Calcium 100.0 1000.0 5000.0 10000.0 4000.0 20.0 5000.0  

Chromium 0.5 5.0 25.0 50.0 20.0 1.0 25.0 200 
Cobalt 0.5 5.0 25.0 50.0 20.0 0.2 10.0 200 
Copper 0.5 5.0 25.0 50.0 20.0 0.6 25.0  

Iron 100.0 1000.0 5000.0 10000.0 4000.0 20.0 5000.0  
Lead 0.5 5.0 25.0 50.0 20.0 0.2 25.0 200 

Magnesium 100.0 1000.0 5000.0 10000.0 4000.0 20.0 5000.0  
Manganese 0.5 5.0 25.0 50.0 20.0 0.4 25.0 200 
Molybdenum 0.5 5.0 25.0 50.0 40.0 1.0 25.0 200 

Nickel 0.5 5.0 25.0 50.0 20.0 0.4 25.0  
Potassium 100.0 1000.0 5000.0 10000.0 4000.0 200.0 5000.0 200 
Selenium 0.5 5.0 25.0 50.0 20.0 1.0 25.0  

Silicon 10.0 100.0 500.0 1000.0 400.0 100.0 500.0  
Silver 0.5 5.0 25.0 50.0 20.0 0.2 10.0  

Sodium 100.0 1000.0 5000.0 10000.0 4000.0 200.0 5000.0 200 
Strontium 0.5 5.0 25.0 50.0 20.0 1.0 25.0 200 
Thallium 0.5 5.0 25.0 50.0 20.0 0.2 10.0  

Tin 0.5 5.0 25.0 50.0 20.0 1.0 25.0  
Tungsten 0.5 5.0 25.0 50.0 20.0 1.0 25.0  
Uranium 0.5 5.0 25.0 50.0 20.0 0.2 10.0 200 

Vanadium 0.5 5.0 25.0 50.0 20.0 1.0 25.0 200 
Zinc 0.5 5.0 25.0 50.0 20.0 2.0 25.0  
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TABLE 7 (continued) 
 

ELEMENT CONCENTRATIONS IN WORKING STANDARDS 
 

CONCENTRATION IN SOLUTION, ug/L 

Element 
ICSA1 ICSAB1 Internal Std 

Solution 
Method Tune 

Solution 

Instrument 
Tuning 

Solution 
Aluminum 100000 100000    
Antimony  20    
Arsenic  20    
Barium  20  10  

Beryllium  20    
Boron  20    

Cadmium  20    
Calcium 100000 100000    

Chromium  20    
Cobalt  20  10  
Copper  20    

Iron 100000 100000    
Lead  20  10  

Magnesium 100000 100000  100  
Manganese  20    
Molybdenum 2000 2000    

Nickel  20    
Potassium 100000 100000    
Selenium  20    

Silver  20    
Sodium 100000 100000    

Strontium  20    
Thallium  20  10 10.0 

Tin  20    
Tungsten  20    
Uranium  20    

Vanadium  20    
Zinc  20    

Bismuth   1000.0 10  
Germanium   1000.0 10  

Indium    10  
Lithium (6Li)   1000.0 10  
Scandium   1000.0 10  
Terbium   1000.0 10  
Yttrium   1000.0 10 10.0 
Cerium     10.0 
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TABLE 7 (continued) 
 

ELEMENT CONCENTRATIONS IN WORKING STANDARDS 
 

CONCENTRATION IN SOLUTION, ug/L 

Element 
ICSA1 ICSAB1 Internal Std 

Solution 
Method Tune 

Solution 

Instrument 
Tuning 

Solution 
Lithium     10.0 

 
1) Solution also contains 1000 mg/L Chloride, 200 mg/L Carbon, and 100 mg/L Phosphorus and 
Sulfur, and 2mg/L Titanium. 
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TABLE 8 
 

ELEMENT CONCENTRATIONS IN INTERMEDIATE STANDARDS 
 

CONCENTRATION IN SOLUTION, mg/L 

ELEMENT 
MS-MIX-Z ICP-MS PQL 

Intermediate ICP-MS-MIX-Y
ICP-MS 

Method Tune 
Intermediate 

ICP-MS CAL 1 ICP-MS ICSAB 
Intermediate 

Aluminum 95.0 6.0 3.0  0.2  
Antimony  0.02 3.0  0.2  
Arsenic  0.10 3.0  0.2  
Barium  0.04 3.0  0.2  

Beryllium  0.02  1.0 0.2  
Boron 5.0 4.0    0.2 

Cadmium  0.02   0.2  
Calcium 500 2.0     

Chromium  0.10 3.0  0.2  
Cobalt  0.02  1.0 0.2  
Copper  0.06 3.0  0.2  

Iron 500 2.0     
Lead  0.02 3.0 1.0 0.2  

Magnesium 500 2.0  10.0   
Manganese  0.04 3.0  0.2  
Molybdenum  0.10 3.0  0.2  

Nickel  0.04 3.0  0.2  
Potassium 500 20.0     
Selenium  0.10 3.0  0.2  

Silicon 100 10.0    5.0 
Silver  0.02   0.2  

Sodium 500 20.0     
Strontium 5.0 0.10    0.2 
Thallium  0.02  1.0 0.2  

Tin 5.0 0.10    0.2 
Tungsten 5.0 0.10    0.2 
Uranium  0.020   0.2  

Vanadium  0.10 3.0  0.2  
Zinc  0.20 3.0  0.2  
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TABLE 9 
 

ELEMENT CONCENTRATIONS IN STOCK STANDARDS 
 

CONCENTRATION IN SOLUTION, mg/L 

Element 

Instrument 
Calibration 
Standard 3 

(Spex) 
CL-ICS-1 

(Spex) 
CL-ICS-3 

(Spex) 
CL-ICS-4 

(Spex) 
CL-ICS-5 

(Spex) 
Aluminum  10.0    
Antimony  10.0    
Arsenic  10.0    
Barium  10.0    

Beryllium  10.0    
Boron      

Cadmium  10.0    
Calcium 1000  200.0   

Chromium  10.0    
Cobalt  10.0    
Copper  10.0    

Iron 1000  200.0   
Lead  10.0    

Magnesium 1000  200.0   
Manganese  10.0    
Molybdenum    10.0 10.0 

Nickel  10.0    
Potassium 1000  200.0   
Selenium  10.0    

Silver  10.0    
Sodium 1000  200.0   

Strontium     10.0 
Thallium  10.0    
Thorium    10.0  

Tin     10.0 
Tungsten      
Uranium    10.0  

Vanadium  10.0    
Zinc  10.0    
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TABLE 9 (continued) 
 

ELEMENT CONCENTRATIONS IN STOCK STANDARDS 
 

CONCENTRATION IN SOLUTION, ug/L 
Element 6020ICS-0A1 (Inorganic 

Ventures) 
Internal Standard Mix 1 

(Spex) 
ICP-MS-TS-2 (High 

Purity) 
Aluminum 1000   
Arsenic    

Cadmium    
Calcium 1000   

Chromium    
Cobalt    
Copper    

Iron 1000   
Magnesium 1000   
Manganese    
Molybdenum 20.0   

Nickel    
Potassium 1000   

Silver    
Sodium 1000   

Zinc    
Bismuth  1000  
Cerium   10000 

Germanium  1000  
Indium  1000  
Lithium   10000 

Lithium (6Li)  1000  
Scandium  1000  
Terbium  1000  
Thallium   10000 
Yttrium  1000 10000 

 
1) Solution also contains 10000 mg/L Chloride, 2000 mg/L Carbon, and 1000 mg/L Phosphorus and Sulfur, 
and 20 mg/L Titanium. 
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TABLE 10 
 

REQUIRED ANALYTICAL SEQUENCE 
 

Sequence 
Number 

Standard/Sample Purpose 

1 Method Tuning Solution Verify mass calibration and resolution 

2 S0 (Calibration Blank) Initial calibration 

3 S1 (Calibration Standard) Initial calibration 

4 S2 (Calibration Standard) Initial calibration 

5 S3 (Calibration Standard) Initial calibration 

6 S4 (Calibration Standard) Initial calibration 

7 ICV (Initial Calibration Verification) Check calibration accuracy 

8 ICB (Initial Calibration Blank) Check calibration accuracy 

9 PQL (Practical Quantitation Limit) Check calibration accuracy at low concentration 

10 ICS-A (Interference Check Solution A) Verify accuracy of mass correction equations 

11 ICS-AB (Interference Check Solution AB) Verify accuracy of mass correction equations 

12 CCV (Continuing Calibration Verification) Check calibration stability 

13 CCB (Continuing Calibration Blank) Check calibration stability 

14-23 Analyze up to 10 samples  

24 CCV (Continuing Calibration Verification) Check calibration stability 

25 CCB (Continuing Calibration Blank) Check calibration stability 

… Continue analyzing sequences of up to 10 
samples, followed by a CCV and a CCB  

… After last analytical sample, analyze PQL 
, followed by a CCV and a CCB  
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TABLE 11 
 

INSTRUMENT OPERATING CONDITIONS 
 

Acquisition Mode Spectrum 
Points per Mass 3 

Number of Replicates 3 
Detector Mode Auto for all elements 

0.10 sec for Li, B, 29Si, Sc, V, Cr, 
Mn, Ni, Cu, Zn, Y, Mo, Ag, In, Sn, 
Sb, Ba, Tb, W, Tl, Pb, Bi, Th, U 

0.30 sec for Be, As, Cd, Ge 
0.010 sec for Na, Al, K, 28Si 

0.030 for Ca, Fe, Sr 
1.00 sec for Se 

Integration Time per Point (for 
listed masses and their correction 

masses) 

0.050 sec for Mg, Co 
Spray Chamber Temperature 2o C 

Data Acquisition Program 

Total Acquisition Time 105 sec for 3 replicates 
Peristaltic Pump Program Analysis Speed 0.15 rps 

Uptake Speed 0.15 rps 
Uptake Time 5 sec Before Acquisition 

Stabilization Time 15 sec 
Rinse Speed 0.15 rps 

Rinse Time (sample) 5 sec After Acquisition (Probe Rinse) 
Rinse Time (standard) 5 sec 

Rinse Vial 1 
Uptake Speed 0 
Uptake Time 0 sec After Acquisition (Rinse) 

Stabilization Time 0 sec 
All quantitation masses Y=ax+(blank) 

All internal standard masses (Excluded) Calibration Curve fit 
All interference correction masses (Excluded) 

QC Reports On-Printer Reporting Parameters 
All Other Reports Off 
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TABLE 12 
 

INSTRUMENT TUNE SPECIFICATIONS 
 

Li >5000 cts/0.1 sec/10 ppb 
Y >10,000 cts/0.1 sec/10 ppb Sensitivity 
Tl >5000 cts/0.1 sec/10 ppb 

Li <8% RSD (0.1 sec integration time) 
Y <5% RSD (0.1 sec integration time) Precision 
Tl <5% RSD (0.1 sec integration time) 

Oxides <1.0% 
Doubly Charged (Ce++/Ce+) <2.0% 

Li <15 cps 
Y <15 cps Background 
Tl <15 cps 

Mass Resolution Width at 10% peak height: 0.7-0.8 amu 
Li ±0.1 amu of nominal mass 
Y ±0.1 amu of nominal mass Mass Axis 
Tl ±0.1 amu of nominal mass 

 
 
 
 
 
 

TABLE 13 
 

METHOD TUNE SPECIFICATIONS 
 

Precision ≤5% RSD of 4 replicates 
Mass Resolution Width at 10% peak height: <0.9 amu 
Mass Calibration ±0.1 amu of nominal mass 
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TABLE 14 
 

REPORTED ISOTOPES AND INTERNAL STANDARDS 
 
 

ELEMENT MASS INTERNAL 
STANDARD 

(mass) 
Aluminum 27 Scandium (45) 
Antimony 123 Terbium (159) 
Arsenic 75 Germanium (72)
Barium 135 Terbium (159) 

Beryllium 9 Lithium (6) 
Boron 11 Lithium (6) 

Cadmium 114 Germanium (72)
Calcium 44 Scandium (45) 

Chromium 52 Germanium (72)
Cobalt 59 Germanium (72)
Copper 65 Germanium (72)

Iron 57 Germanium (72)
Lead 208 Bismuth (209) 

Magnesium 25 Scandium (45) 
Manganese 55 Germanium (72)
Molybdenum 98 Germanium (72)

Nickel 60 Germanium (72)
Potassium 39 Scandium (45) 
Selenium 82 Germanium (72)

Silicon 29 Scandium (45) 
Silver 107 Germanium (72)

Sodium 23 Scandium (45) 
Strontium 88 Germanium (72)
Thallium 203 Bismuth (209) 
Thorium 232 Bismuth (209) 

Tin 118 Terbium (159) 
Tungsten 182 Terbium (159) 
Uranium 238 Bismuth (209) 

Vanadium 51 Germanium (72)
Zinc 66 Germanium (72)
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ATTACHMENT 1 
 

HARDNESS BY CALCULATION 
 
 

 
As referenced in “Standard Methods for the Examination if Water and Wastewater,” Methods 2340 
A & B, Hardness Introduction and Hardness by Calculation, American Public Health Association, 
18th Edition, Revised 1992, total hardness is the sum of the calcium and magnesium 
concentrations, both expressed as calcium carbonate, in milligrams per liter. 
 
Once the calcium and magnesium concentrations have been determined by EPA methods 6010, 
6020, 200.7 or 200.8, the total hardness of an aqueous sample may be calculated as follows: 
 
 
 

Total Hardness, mg equivalent CaCO3/L = 2.497 (Ca, mg/L)  +  4.118 (Mg, mg/L) 
 
 
 
 
The calcium hardness of an aqueous sample may also be calculated as follows: 
 
  
 

Calcium Hardness, mg equivalent CaCO3/L = 2.497 (Ca, mg/L) 
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1.0 SCOPE AND APPLICATION 
 
 The purpose of this SOP is to describe the procedure used by Katahdin Analytical Services, 

Inc. personnel for the digestion and analysis aqueous samples for mercury using cold vapor 
atomic absorption spectrophotometry. 

 
This method is applicable to the determination of mercury in groundwaters, aqueous 
wastes, and mobility-procedure extracts under USEPA Method 7470 (Test Methods for 
Evaluating Solid Wastes: Physical/Chemical Methods, SW-846, 2nd edition, 1982 (revised 
1984), 3rd edition, 1986, and Updates I, II, IIA, and III 1996, Office of Solid Waste and 
Emergency Response, U.S. EPA. 

 
1.1 Definitions 
 

CCB - Continuing Calibration Blank - An analyte-free solution consisting of acidified 
laboratory grade reagent water used to verify calibration accuracy periodically 
during analysis. 
 
CCV - Continuing Calibration Verification - A midrange standard used to verify 
calibration accuracy periodically during analysis. 
ICB - Initial Calibration Blank - An analyte-free solution consisting of acidified 
laboratory grade reagent water used to verify calibration accuracy. 
 
ICV - Initial Calibration Verification - A standard made from a source independent 
from the calibration standards and with analyte concentrations different from those 
in the CCV; used to verify the accuracy of the instrument calibration. 
 
PB - Preparation Blank - Laboratory grade reagent water that has been brought 
through the sample preparation process. 
 
LCS - Laboratory Control Sample - A standard or solid reference material that has 
been brought through the sample preparation process. 
 
Matrix Spike - An aliquot of a sample to which a known amount of analyte has been 
added before digestion. 
 
Duplicate - A second aliquot of a sample that is prepared and analyzed in the same 
way as the original sample in order to determine the precision of the method. 
 
Serial Dilution - The dilution of a sample by a factor of five.  When corrected by the 
dilution factor, the measured analyte concentrations of the diluted sample should 
agree with those of the original undiluted sample within specified limits.  Serial 
dilution may reflect the influence of interferents. 
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IDL - Instrument Detection Limit - The lowest concentration of an analyte that can 
be determined with 95% confidence by the instrument. 
 
MDL - Method Detection Limit - The minimum concentration of an analyte that can 
be identified, measured, and reported with 99% confidence that the analyte 
concentration is greater than zero. 
 
LOD – Limit of Detection – An estimate of the minimum amount of a substance that 
an analytical process can reliably detect. An LOD is analyte and matrix-specific and 
is used for DoD QSM acceptance criteria. 
 
PQL - Practical Quantitation Limit - The lowest concentration of an analyte that is 
routinely reported by the laboratory; nominally three to five times the IDL. 

 
 1.2 Responsibilities 
 

This method is restricted to use by, or under the supervision of analysts 
experienced in the analysis of mercury by USEPA Method 7470. Each analyst must 
demonstrate and document their ability to generate acceptable results with this 
method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training & 
Documentation of Capability”. 
 
It is the responsibility of all Katahdin technical personnel involved in analysis of 
mercury by USEPA Method 7470 to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook. Any deviations from the test or irregularities with the samples should also 
be recorded in the lab notebook and reported to the Department Manager or 
designated qualified data reviewer responsible for this data. 
 
It is the responsibility of the Department Manager to ensure that members of their 
group follow this SOP, that their work is properly documented, and to indicate 
periodic review of the associated logbooks. 
 

1.3 Safety 
 

Many of the samples and reagents used in cold vapor atomic absorption are toxic or 
corrosive.  Rubber gloves, safety glasses, lab coats, and other protective clothing 
should be worn whenever these materials are handled. Because of the toxic nature 
of mercury vapor, care must be taken to avoid its inhalation. The instrument exhaust 
fan must be in operation whenever the mercury analyzer is in use (the fan should 
never be shut off). 
 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this 
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method has not been precisely defined; however, each chemical should be treated 
as a potential health hazard. A reference file of material safety data sheets is 
available to all personnel involved in the chemical analysis. Everyone involved with 
the procedure must be familiar with the MSDSs for all the materials used in this 
procedure. 
 
Each qualified analyst or technician must be familiar with the Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Management Plan and follow appropriate procedures such as wearing safety 
glasses and gloves when working with chemicals or near an instrument and not 
taking food or drink into the laboratory.  Each analyst should know the location and 
use of all safety equipment. 
 

1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address their waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Plan for further details on pollution 
prevention techniques. 

 
Samples, sample digestates, standards, and other reagents used in cold vapor 
atomic absorption may contain high concentrations of acids, mercury, and other 
toxic metals. They should be disposed of in a manner appropriate to the types of 
hazards they present.  All digested mercury samples and standards and excess 
reagents and standards should be disposed of in the satellite waste container for 
corrosive wastes (labeled “Waste Stream A”) that is located in the Metals Prep lab.  
Further information regarding waste classification and disposal may be obtained by 
consulting the laboratory's Hazardous Waste Management Plan and Safety Manual 
and the Department Manager. 

   
 
2.0 SUMMARY OF METHOD 

 
The cold vapor atomic absorption technique is based on the absorption of radiation at 253.7 
nm by mercury vapor.  It relies on the volatility of elemental mercury at room temperature. 
During preparation, organic mercurials are oxidized and elemental mercury is ionized to 
Hg3+. During instrumental analysis, mercuric ions are reduced to elemental mercury by the 
addition of stannous chloride. Elemental mercury is then aerated from solution and passes 
through a cell positioned in the path of a mercury spectrophotometer, where absorbance 
(peak height) is measured as a function of mercury concentration and recorded by the 
associated computer. The mercury vapor is then swept out of the instrument into an 
exhaust hood, where it is evacuated from the laboratory. 
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3.0 INTERFERENCES 
 

In addition to inorganic forms of mercury, organic mercurials may be present in 
environmental samples. These organo-mercury compounds will not respond to the cold 
vapor atomic absorption technique unless they are first broken down and converted to 
mercuric ions. The presence of undigested organo-mercurials in samples will result in a low 
bias for analytical results. Certain volatile organic materials will also non-specifically absorb 
radiation at the 253.7 nm analytical wavelength. The presence of such compounds may 
result in a high bias for analytical results. For these reasons, complete digestion using 
potassium permanganate and potassium persulfate is required for all environmental 
samples. Complete digestion is indicated by the persistence of the purple permanganate 
color (indicating the presence of excess permanganate) following digestion. 
 
Sea waters, brines, and industrial effluents high in chlorides may require additional 
permanganate to maintain a persistent purple color following digestion. During the oxidation 
step, chlorides are converted to free chlorine which will absorb radiation at the 253.7 nm 
analytical wavelength.  Any free chlorine thus generated will be present in the headspace of 
the digestion vessel following digestion.  Because samples are poured into autosampler 
tubes prior to analysis by the mercury analyzer, any free chlorine present in the headspace 
of the digestion vessels is not sampled by the instrument and the analysis is free of chlorine 
interference. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 40 mL VOA vials, for use as digestion vessels.  
 

4.2 250 mL Pyrex media bottles with plastic screw caps, for use in digesting calibration 
standards. 

 
4.3 Water bath capable of maintaining a constant temperature of 95o C. 

 
4.4 Adjustable volume automatic pipettes - 2 to 20 uL, 10 to 100 uL, 100 to 1000 uL.  

Calibrated Eppendorf Reference pipets and Finn digital pipets are appropriate. 
 
4.5 Repipetters (adjustable repeating pipetters with reservoirs) for dispensing 

concentrated nitric acid, concentrated sulfuric acid, and other reagents 
 
4.6 Battery powered Traceable Pocket-Size Thermometer from Fisher Scientific, NIST-

traceable, covering the range from -50o to 750o C, for monitoring the temperature of 
the water bath.  Mercury-filled thermometers are not acceptable for use in the 
metals laboratory, due to the possibility of breakage and consequent contamination. 

 
4.7   Disposable graduated polystyrene sample cups, 200 mL capacity 
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4.8   CETAC M-6100 automated mercury analyzer and associated peripherals and parts 
 

4.9   Disposable graduated dose cups, 30 mL capacity 
 

Refer to Katahdin SOP CA-629, current revision, “Operation and Maintenance of the 
CETAC M-6100 Automated Mercury Analyzer” for additional required materials. 

   
 
5.0 REAGENTS 
 

5.1 Laboratory grade reagent water – mercury-free water meeting the specifications of 
ASTM Type II water 

 
5.2 Concentrated sulfuric acid, trace metals grade 
 
5.3 Concentrated nitric acid, trace metals grade 
 
5.4 Concentrated hydrochloric acid, trace metal grade 
 
5.5 Potassium permanganate solution, 5% w/v:  Dissolve 50 g of potassium 

permanganate in 1 L laboratory grade reagent water.  The source reagent should be 
labeled as suitable for use in mercury determination. 

 
5.6 Potassium persulfate solution, 5% w/v: Dissolve 50g of potassium permanganate in 

1L laboratory grade reagent water.  The source reagent should be labeled as 
suitable for use in mercury determination. 

 
5.7 Sodium chloride – hydroxylamine hydrochloride solution: Dissolve 120 g sodium 

chloride and 120 g hydroxylamine hydrochloride in laboratory grade reagent water 
and dilute to a final volume of 1 L. 

 
5.8 Stannous chloride solution: Add 70 mL concentrated hydrochloric acid to 500 mL of 

laboratory grade reagent water.  Add 100 g stannous chloride and bring to a final 
volume of 1 L. Mix to dissolve.  Reagent should be labeled as suitable for use in 
mercury determination. 

 
5.9 Intermediate Mercury Standard A:  Appropriately dilute a mercury stock standard to 

obtain a solution containing 1000 ug of mercury per liter in 2% nitric acid. This 
intermediate standard is used to prepare calibration standards, matrix spikes, 
CCVs, and laboratory control samples (refer to Section 8).  The identity of the stock 
standard currently used to prepare this intermediate may be obtained by consulting 
the Standards Preparation Logbook maintained in the Section. Intermediate Mercury 
Standard A must be prepared fresh monthly ,and disposed of appropriately after 
use. (Note: the concentrations of all stock standards must be certified by the 
vendors as traceable to NIST reference materials). 
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5.10 Intermediate Mercury Standard B:  Appropriately dilute a mercury stock standard to 
obtain a solution containing 1000 ug of mercury per liter in 2% nitric acid.  The 
source of the stock standard used to prepare Intermediate Mercury Standard B must 
be distinct from that used to prepare Intermediate Mercury Standard A (i.e. obtained 
from a separate vendor).  Intermediate Mercury Standard B is used to prepare the 
ICV (refer to Section 8). The identity of the stock standard currently used to prepare 
this intermediate standard may be obtained by consulting the Standards Preparation 
Logbook maintained in the Section. Intermediate Mercury Standard B must be 
prepared fresh monthly, and disposed of appropriately after use. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Aqueous samples to be analyzed for mercury should be collected and preserved as 
described in the following table. 
 

 

Matrix Container1 
Collection 
Volume/ 
Weight 

Preservation/ Treatment Holding Time 

Aqueous (total) P, G 250 mL HNO3 to pH < 2 28 days 
Aqueous 

(dissolved) P, G 250 mL HNO3 to pH < 2 28 days 

 
 1 P = polyethylene or  G = glass  
   
 
7.0 PROCEDURES 
  

BOTTLE PREPARATION 
 
7.1 Mercury digestions are performed in two different types of vessels.  Calibration 

standards, the Initial Calibration Verification (ICV) standard, and the 
Initial/Continuing Calibration Blank (ICB/CCB) are prepared in 250 mL Pyrex media 
bottles.  Large bottles are used to provide sufficient volumes of these standards to 
allow for multiple reanalyses when required.  Field samples, Method Blanks, and 
Laboratory Control Samples are digested in 40 mL VOA vials.  These smaller vials 
provide enough digestate to allow one or two reanalyses when required, but reduce 
the amounts of samples consumed and waste generated.  

 
 VOA vials are reused if the samples they have contained have no measurable 

mercury above the PQL.  After the previous contents of the vials have been 
discarded, these vials are segregated according to whether the measured mercury 
concentrations of the previous contents were above the PQL (contaminated vials) or 
below the PQL (uncontaminated vials). Labels are removed from the vials by wiping 
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with a paper towel saturated with toluene.  Uncontaminated vials are rinsed with 
laboratory grade reagent water.  Contaminated vials are discarded. 

 
The Pyrex media bottles in which standards are prepared are emptied, rinsed, and 
reused.  Each of these bottles is permanently marked with the concentration of the 
standard it contains.  

 
PREPARATION OF STANDARDS, QC SAMPLES, AND BLANKS 
 
7.2 Prior to performing the digestion, make a list of the samples that are to be digested. 

Enter digestion information (Katahdin Sample Numbers, QC Batch ID, preparation 
date, analyst initials, etc.) into the ACCESS Metals database and print out a copy of 
the sample prep bench sheet.  All necessary details of sample preparation 
(standards preparation information, digestion times, initial and final volumes, 
pertinent observations, etc.) must be recorded on this spreadsheet, which will be 
bound in the Mercury Preparation Logbook.  Refer to Figure 1 for an example page 
from the Mercury Preparation Logbook. 

 
7.3 Using an industrial marker with super permanent ink, label clean VOA vials with the 

appropriate sample numbers and standard identifications for each sample and 
standard to be digested. 

 
7.4 Use a bottle-top dispenser to add 100 mL of laboratory grade reagent water to a 

standard digestion bottle (250 mL media bottles). Using a calibrated adjustable 
pipette, prepare the high calibration standard by adding 1000 uL of Intermediate 
Mercury Standard A to an appropriately labeled media bottle containing 100 mL of 
laboratory grade reagent water. The mercury concentration of this calibration 
standard  is 10.0 ug/L.  Calibration levels 0.2 ug/L, 0.5 ug/L, 1.0 ug/L, 5.0 ug/L are 
made by diluting the digested 10.0 ug/L standard into calibration blank solution.  
See below for amounts. The 0.2 ug/L and 5 ug/L standards are analyzed after 
calibration as the PQL standard and the CCV (refer to Section 8.0), respectively, as 
well as being used in the creation of the calibration curve. 

 
Calibration Level Amount added Amount calibration blank 

solution 
0.2 ug/L 0.3 mL 14.7 mL 
0.5 ug/L 0.5 mL 9.5 mL 
1.0 ug/L 1 mL 9 mL 
5.0 ug/L 5 mL 5 mL 

 
7.5 Add 100 mL of laboratory grade reagent water to the media bottle labeled “ICV”. 

Using a calibrated adjustable pipette, prepare the Initial Calibration Verification 
standard (refer to Section 8) by adding 600 uL of Intermediate Mercury Standard B 
to the water in this bottle, and record the bottle number in the Mercury Preparation 
Logbook. The mercury concentration of the ICV is 6.0 ug/L. 
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7.6  Prepare an appropriate number of preparation blanks (PBW) by adding 25 mL of 
laboratory grade reagent water to labeled vials. 

 
7.7  Prepare an appropriate number of laboratory control samples (LCSW) by adding 

125 uL of Intermediate Mercury Standard A to labeled digestion vials containing 25 
mL of laboratory grade reagent water.  The mercury concentration of each LCSW is 
5.0 ug/L. 

 
7.8 Matrix spikes are prepared by adding 25 uL of Intermediate Mercury Std A to 25 mL 

aliquots of samples. The concentration of mercury added to each matrix spike is 1.0 
ug/L. 

 
7.9 All QC samples and blanks are digested in the same manner as client samples. 

Refer to Sample Preparation and Digestion, sections 7.10 through 7.13 of this SOP.  
The volumes of reagents added to the standards prepared in the media bottles are 
four times those listed in sections 7.10 through 7.13. 

 
SAMPLE PREPARATION AND DIGESTION 

 
7.10 Using a graduated disposable dosecup, transfer 25 mL of sample, or an aliquot 

diluted to 25 mL, to a digestion vial.  Add 1.25 mL of concentrated sulfuric acid and 
0.625 mL of concentrated nitric acid, swirling to mix after each addition. Add 3.75 
mL of potassium permanganate solution, swirl to mix, and allow to stand for at least 
15 minutes.  Samples that contain large amounts of organic substances may require 
additional 3.75 mL aliquots of potassium permanganate solution. This is indicated 
by the failure of the purple permanganate color to persist for the entire 15 minute 
waiting period. Add additional 3.75 mL aliquots to samples as necessary until the 
purple color persists for 15 minutes.  If any of the samples require these additional 
aliquots of potassium permanganate solution, record the additional volume used for 
each sample on the mercury preparation benchsheet. 

 
7.11 Add 2 mL of potassium persulfate solution to each sample.  Cap the vials and place 

them in a preheated water bath.  Monitor the temperature of the bath with a spirit 
thermometer throughout the digestion. The temperature of the water bath will fall 
below 95o C upon addition of the digestion vials. After the temperature of the bath 
has risen back to 95o C, continue heating the samples at 95o C for two hours. 
Record initial and final digestion times and temperatures in the mercury 
prepareation benchsheet. 

 
7.12 Remove bottles from the water bath and allow to cool to room temperature. If the 

purple permanganate color has failed to persist after digestion in any of the 
samples, add additional 3.75 mL aliquots of potassium permanganate solution as 
required to the samples, and record these additions in the mercury preparation 
benchsheet.  Heat the samples that required additional permanganate in the water 
bath at 95o C for an additional two hours. Remove the bottles from the water bath 
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and allow to cool to room temperature.  If the purple color fails to persist after the 
second heating step, consult the Department Manager for advice on how to 
proceed. 

 
7.13 Add 1.5 mL of sodium chloride – hydroxylamine hydrochloride solution to each 

digestion vial and swirl to mix. This will reduce the excess permanganate, and the 
sample will change from purple to colorless. Wait at least 30 seconds before 
proceeding with analysis. 

 
INSTRUMENTAL ANALYSIS 

 
7.14 Digested mercury samples are analyzed using the CETAC M-6100 Automated 

Mercury Analyzer. Analysis is automated and is controlled by the QuickTrace 
Mercury Analyzer software running on a dedicated PC.  Detailed instructions for 
setting up the instrument and analyzing samples are given Katahdin SOP CA-629, 
“Operation and Maintenance of the CETAC M-6100 Automated Mercury Analyzer”.   

 
METHOD OF STANDARD ADDITIONS 
 
7.15 The standard addition technique involves adding known amounts of standard to one 

or more aliquots of the processed sample solution. This technique compensates for 
a sample constituent that enhances or depresses the analyte signal, thus producing 
a different slope from that of the calibration standards. It will not correct for additive 
interferences which cause a baseline shift.  The method of standard additions shall 
be used for analysis of all EP extracts, on all analyses submitted as part of a 
delisting petition, and whenever a new sample matrix is being analyzed. 

 
7.15.1 The simplest version of this technique is the single-addition method, in which 

two identical aliquots of the sample solution, each of volume Vx, are taken. 
To the first (labeled A) is added a known volume VS of a standard analyte 
solution of concentration CS. To the second aliquot (labeled B) is added the 
same volume VS of the solvent. The analytical signals of A and B are 
measured and corrected for nonanalyte signals. The unknown sample 
concentration Cx is calculated: 

 
    CX = SBVSCS 
            (SA-SB)VX 
 

where SA and SB are the analytical signals (corrected for the blank) of 
solutions A and B, respectively. Vs and Cs should be chosen so that SA is 
roughly twice SB on the average, avoiding excess dilution of the sample. If a 
separation or concentration step is used, the additions are best made first 
and carried through the entire procedure. 
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  7.15.2 Improved results can be obtained by employing a series of standard 

additions. To equal volumes of the sample are added a series of standard 
solutions containing different known quantities of the analyte, and all 
solutions are diluted to the same final volume. For example, addition 1 
should be prepared so that the resulting concentration is approximately 50 
percent of the expected absorbance from the endogenous analyte in the 
sample. Additions 2 and 3 should be prepared so that the concentrations are 
approximately 100 and 150 percent of the expected endogenous sample 
absorbance. The absorbance of each solution is determined and then 
plotted on the vertical axis of a graph, with the concentrations of the known 
standards plotted on the horizontal axis. When the resulting line is 
extrapolated to zero absorbance, the point of interception of the abscissa is 
the endogenous concentration of the analyte in the sample. The abscissa on 
the left of the ordinate is scaled the same as on the right side, but in the 
opposite direction from the ordinate. An example of a plot so obtained is 
shown in Figure 3.  A linear regression program may be used to obtain the 
intercept concentration. 

 
7.15.3 For the results of this MSA technique to be valid, the following limitations 

must be taken into consideration: 
 

• The apparent concentrations from the calibration curve must be linear 
over the concentration range of concern. For the best results, the slope 
of the MSA plot should be nearly the same as the slope of the standard 
curve. If the slope is significantly different (greater than 20%), caution 
should be exercised. 

 
• The effect of the interference should not vary as the ratio of analyte 

concentration to sample matrix changes, and the standard addition 
should respond in a similar manner as the analyte. 

 
• The determination must be free of spectral interference and corrected for 

nonspecific background interference. 
 

DATA REDUCTION AND REPORTING 
 

7.16 Results are obtained in concentration units (ug/L) from the instrument. Electronic 
instrument data files are imported into the Metals ACCESS database for data 
reduction.  Sample preparation information (initial sample volumes and final 
digestate volumes) are entered directly into the Metals ACCESS database to allow 
calculation of final results for reporting.  Results are calculated as follows: 

 
  Mercury concentration (ug/L) = MC X DF X IV 
        FV 
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where: MC = Measured mercury concentration (ug/L) 
 DF = Dilution factor at instrument 
 IV = Initial sample volume (mL) 
 FV = Final digestate volume (mL) 

 
7.17 Results that exceed the calibration range of the instrument may not be reported - 

the sample must be appropriately diluted and reanalyzed.  Results for diluted 
samples should be multiplied by the dilution factor prior to reporting.  If additional 
aliquots of potassium permanganate were added during digestion, the resulting 
dilution must be corrected for before reporting.   

 
7.18 Results are reported down to the laboratory's practical quantitation level (PQL), 

unless otherwise requested.  Results below the PQL should be reported to the PQL 
and flagged with a “U” qualifier.   

    
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

USEPA Method 7470 requires the laboratory to perform specific quality control checks to 
assess laboratory performance and data quality.  Minimum frequencies, acceptance 
criteria, and corrective actions for these control checks are tabulated in Table 1 and are 
described below.  Preparation instructions and the resulting mercury concentrations for 
calibration standards, QC standards, and matrix spikes are detailed in Sections 7.4 through 
7.8 of this SOP.  Table 1 criteria are intended to be guidelines for analysts.  The table does 
not cover all possible situations.   If any of the QC requirements are outside the recovery 
ranges listed in Table 1, all associated samples must be evaluated against all the QC.  In some 
cases data may be reported, but may be reanalyzed in other cases.  Making new reagents and 
standards may be necessary if the standardization is suspect. The corrective actions listed in 
Table 1 may rely on analyst experience to make sound scientific judgments.  These 
decisions are based on holding time considerations and client and project specific Data 
Quality Objectives. The Department Manager, Operations Manager, General Manager and/or 
Quality Assurance Officer may be consulted to evaluate data.  Some samples may not be able 
to be reanalyzed within hold time.  In these cases “qualified” data with narration may be 
advisable after consultation with the client. 
 
In some cases the standard QC requirements listed in Table 1 may not be sufficient to meet 
the Data Quality Objectives of the specific project.  Much of the work performed at the lab is 
analyzed in accordance with specific QC requirements spelled out in a project specific Quality 
Assurance Project Plan (QAPP) or in a program specific Quality Systems Manual (QSM).  The 
reporting limits, acceptance criteria and/or corrective actions may be different than those 
specified in this SOP.  In these cases the appropriate information will be communicated to the 
Department Manager and/or senior chemists before initiation of the analyses so that specific 
product codes can be produced for the project.  In addition, the work order notes for each 
project will describe the specific QAPP or QSM to be followed. 
INITIAL DEMONSTRATION OF PERFORMANCE 
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8.1 Instrument detection limits (IDL) are determined quarterly for each analyte analyzed 
on each instrument by each method.  This determination requires seven replicate 
analyses of a laboratory grade reagent water spiked at 3-5 times the anticipated 
detection limit for each analyte, performed on three non-consecutive days.  The 
standard deviation of the 21 analyses is multiplied by three to obtain the IDL.  For 
more information on performing IDL determinations, refer to the current revision of 
Katahdin SOP QA-806. 

 
8.2 Method detection limits (MDL) are determined annually for each analyte analyzed 

on each instrument.  This determination requires at least seven replicate digestions 
and analyses of laboratory grade reagent water spiked at 3-5 times the anticipated 
MDL for each analyte.  MDLs differ from IDLs in that the replicates are digested 
prior to analysis, and they may be analyzed on a single day.  The standard deviation 
of the 7 (or more) replicate analyses is multiplied by the Student’s t-value to obtain 
the MDL.  For more information on performing MDL determinations, refer to the 
current revision of Katahdin SOP QA-806.  

 
8.3 Limits of Detection (LOD) are used when evaluating data using DoD QSM. The LOD 

is established by spiking a quality system matrix at 2-3 times the detection limit for a 
single analyte standard and 1-4 times the detection limit for a multi-analyte 
standard. The LOD must be verified quarterly. For more information on performing 
LOD determinations, refer to the current revision of Katahdin SOP QA-806. 

 
8.4 Instrument calibration - The instrument must be calibrated each time it is set up, and 

calibration standards must be digested each day that samples are digested. 
Calibration includes analysis of a calibration blank and five calibration standards 
with graduated concentrations in the appropriate range.  The concentration of one of 
the calibration standards must be at the Practical Quantitation Level (PQL).  The 
intermediate standards used for preparing the calibration standards are prepared at 
least once per month in 2% nitric acid.  Because mercury may be adsorbed onto the 
walls of glass and plastic containers, the calibration standards must be prepared 
fresh daily.  The correlation coefficient for the calibration curve must be at least 
0.995.  If the calibration curve does not pass this test, analysis must be halted, the 
problem corrected, and the instrument recalibrated. 

 
8.5 An Initial Calibration Verification (ICV) solution is analyzed after the initial calibration 

to check calibration accuracy.  The ICV solution is prepared from a standard source 
different than that of the calibration standard and at a concentration within the 
working range of the instrument.  The result of the ICV must fall within 90% to 110% 
of the expected value.  If the ICV fails, results may not be reported from the run until 
the problem is corrected and a passing ICV has been analyzed. 

 
8.6 The Continuing Calibration Verification (CCV) solution is analyzed after the initial 

calibration, after every ten samples, and at the end of the analytical run.  The CCV 
solution is prepared using the same standard used for calibration at a concentration 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-615-07 
STANDARD OPERATING PROCEDURE Date Issued:  04/12 
 Page 16 of 26 
   
 
TITLE: DIGESTION AND ANALYSIS OF AQUEOUS SAMPLES FOR MERCURY BY 

USEPA METHOD 7470 
   
 

near the mid-point of the calibration curve.  Results of the CCVs must fall within 
80% to 120% of the expected value.  If a CCV fails, associated sample results may 
not be reported from the run until the problem is corrected and a passing CCV has 
been analyzed.  Also, all samples analyzed after the last passing CCV must be 
reanalyzed.  

 
8.7 A calibration blank is analyzed after each ICV and CCV.  A calibration blank that is 

analyzed after the ICV is called an Initial Calibration Blank (ICB).  A calibration blank 
that is analyzed after a CCV is called a Continuing Calibration Blank (CCB).  The 
absolute values of results of ICBs and CCBs must be less than the Practical 
Quantitation Level (PQL) for each element. If samples are being run using DoD 
QSM criteria, the absolute values of ICBs and CCBs must be less than the Limit of 
Detection (LOD). If an ICB or a CCB fails, results for the failing elements may not be 
reported from the run until the problem is corrected and a passing ICB or CCB has 
been analyzed.  Also, all samples analyzed after the last passing CCB must be 
reanalyzed. 

 
8.8 A standard with a mercury concentration that is at the Practical Quantitation Limit 

(PQL) is analyzed at the beginning of the run to determine calibration accuracy at 
the reporting limit.  Result of the PQL standard should fall within 70% to 130% of the 
expected values.  No corrective action has been established at this time. 

 
PREPARATION BATCH QC SAMPLES 

 
8.9 Preparation blank (PBW or PBS), consisting of reagent water carried through the 

same process as associated samples, is prepared with each digestion batch of 
twenty or fewer samples.  The results of preparation blanks must be less than the 
Practical Quantitation Level (PQL) for each element. For DoD QSM acceptance 
criteria the results must be less than ½ the PQL except for common contaminants 
which must be less than the PQL. If a preparation blank fails, results for the failing 
elements may not be reported from the digestion batch, and all associated samples 
must be redigested, with the following exception.  If the result for a preparation 
blank is greater than the PQL (greater than ½ PQL for DoD), associated sample 
results that are less than the PQL (less than ½ PQL for DoD) or greater than or 
equal to ten times the measured preparation blank concentration may be reported. 

 
8.10 A laboratory control sample (LCSW), consisting of spiked reagent carried through 

the same process as associated samples, is prepared with each digestion batch of 
twenty or fewer samples.  Results for laboratory control samples must fall within 
80% to 120% of the expected value, unless laboratory-generated statistical limits 
are available.  If a laboratory control sample fails, results may not be reported from 
the digestion batch, and all associated samples must be redigested. 
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 SAMPLE MATRIX QC SAMPLES 
 

8.11 Matrix spiked duplicate samples are prepared at a minimum frequency of one per 
digestion batch.  Matrix spike recoveries for these samples are calculated as 
follows: 

 
   Recovery (%)   =   (P - S) x100% 
               A  
   

where: P = Spiked sample value 
  S = Original sample value 
  A = Spike amount 
 

The recovery for each element in a spiked sample or spiked duplicate sample must 
fall within 75% to 125% of the actual value if the result for the unspiked sample is 
less than four times the amount of spike added.  If one or both spike recoveries fail, 
a matrix interference should be suspected and the associated sample result should 
be flagged on the report of analysis. If DoD QSM acceptance criteria are being 
used, recoveries must be the same as stated for laboratory control samples.  

 
 The relative percent difference between matrix spiked duplicate sample results is 

calculated as follows: 
 

RPD (%)   =   |D1 – D2|      x 100 
              (|D1 + D2|)/2 
   

where: D1 = Spike sample result 
  D2= Spike duplicate sample result 
 
 A control limit of 20% RPD is applied to matrix spike duplicate analysis.  If the matrix 

spike duplicate analysis fails, the associated sample result should be flagged on the 
report of analysis. 

 
8.12 A serial dilution is analyzed to check for chemical or physical interferences.  If the 

analyte concentration of a sample is sufficiently high (minimally, 50 x IDL or 50 x 
LOQ if using DoD QSM acceptance criteria), the measured concentration of a serial 
dilution (1:5 dilution) of the sample should agree within 90% to 110% of the original 
determination. The percent difference between the original sample and the serial 
dilution should be calculated as follows:  

 
                          Difference (%) = |L-S| *100% 
                                    S 
 

where: L = Serial dilution result (corrected for dilution) 
 S = Original sample result 
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If the serial dilution analysis fails, a matrix interference should be suspected.  The 
associated sample result should be flagged on the report of analysis or the sample 
should be reanalyzed at dilution to eliminate the interference. 

 
8.13 Post-digestion Spike (PDS) additions must be performed for DoD QSM samples if 

the serial dilution is not within acceptance criteria or if the analyte concentrations in 
all samples are less than 50x the LOD. The spike addition should produce a 
concentration that is between 10 and 100x the LOQ. The recovery of the PDS must 
be within 75-125%. If the PDS fails, all samples must be run by method of standard 
additions or appropriately flagged. 

   
 
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and then verified one time per type of instrument.  
 
Limits of Detection (LODs) must be determined for all parameters for which the laboratory is 
accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must be  
verifified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 
The LOQs/PQLs shall be set at the lowest point in the calibration curve for all analyses 
utilizing an initial calibration.  LOQ’s must be verified quarterly for every preparation and 
analytical method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.   
 
MDLs are filed with the Organic Department Manager and then with the QAO.   
LOD and LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of USEPA Method 7470 for other method performance 
parameters and requirements. 

   
 

10.0 APPLICABLE DOCUMENTS/REFERENCES 
 
Test Methods for Evaluating Solid Wastes, United States Environmental Protection Agency, 
USEPA SW 846, Third Edition, Final Update III (9/94), Method 7470A. 
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Department of Defense Quality Systems Manual for Environmental Laboratories (DOD 
QSM), Current Version. 
 
The National Environmental Laboratory Accreditation Conference (NELAC) Standards, 
June 2003. 
 
The NELAC Institute, Laboratory Accreditation Standards, Volume 1, Management and 
Technical Requirements for Laboratories Performing Environmental Analysis, 10/06/2010. 
 
Katahdin SOP CA-101, Equipment Maintenance and Troubleshooting, current revision. 
 
Katahdin SOP QA-806, Method Detection Limit, Instrument Detection Limit and Reporting 
Limit Studies and Verifications. 
 
QuickTrace M6100 Mercury Analyzer Operator Manual Version 1.0.1, CETAC 
Technologies. 
 
QuickTrace Mercury Analyzer Software Manual, CETAC Technologies. 
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TABLE 1 
 

QC REQUIREMENTS 
 

Parameter/ 
Method 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Action 

Mercury/ 
USEPA 
7470 

Initial Calibration, 5 
points plus a 
calibration blank. 

Daily prior to sample 
analysis. 

Correlation 
coefficient ≥ 0.995. 

Correct problem and repeat 
calibration. 

 Initial Calibration 
Verification (ICV), 
prepared from a 
second source. 

Before beginning a 
sample run. 

Recovery within + 
10% of true value. 

Correct problem and repeat 
calibration. 

 Initial Calibration 
Blank (ICB) 

Before beginning a 
sample run. 

Less than PQL. Correct problem and repeat 
calibration. 

 Practical 
Quantitation Level 
Standard (PQL) 

Before beginning a 
sample run. 

Recovery within + 
30% of true value. 

Correct problem and repeat 
calibration. 

 Continuing 
Calibration 
Verification (CCV) 

At beginning or run, 
after every 10 
samples, and at end 
of the run 

Recovery within + 
10% of true value 

Repeat calibration and 
reanalyze all samples analyzed 
since the last successful CCV. 

 Continuing 
Calibration Blank 
(CCB) 

At beginning or run, 
after every 10 
samples, and at end 
of the run 

Less than PQL. 
 

Repeat calibration and 
reanalyze all samples analyzed 
since the last successful CCB. 

 Preparation Blank 
(PBW) 

One per digestion 
batch of 20 or fewer 
samples. 

Less than PQL. 
 

1) Investigate source of 
contamination. 
2) Redigest and reanalyze all 
associated samples if sample 
concentration ≥ PQL and < 10x 
the blank concentration. 

 Laboratory Control 
Sample (LCSW) 

One per digestion 
batch of 20 or fewer 
samples. 

Recovery within + 
20% of true value. 

Redigest all affected samples. 

 Matrix Spike 
Sample (S) 

One per digestion 
batch of 20 or fewer 
samples. 

Recovery ±25% of 
true value, if sample 
> 4x spike value. 

Flag results. 

 Matrix Spike 
Duplicate Sample 
(P) 

One per digestion 
batch of 20 or fewer 
samples. 

1) Recovery + 25% 
of true value, if 
sample < 4x spike 
added. 
2) RPD ≤20% for 
duplicate spikes. 

Flag results 

 Instrument 
Detection Limit 
(IDL) Study 

Quarterly. IDL < PQL 1) Repeat IDL study. 
2) Raise PQL. 

 Limit of Detection 
(LOD) 
determination 

Quarterly. LOD = 2-3X MDL Repeat LOD Determination. 
 

 Method Detection 
Limit (MDL) Study 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit 
and Reporting Limit Studies and Verifications”, current revision. 
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TABLE 2 
 

DOD QSM VERSION REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specified criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

NA. This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification 

(Refer to 
current revision 
of  SOP QA-
806) 

        

LOQ 
establishment 
and verification 

(Refer to 
current revision 
of  SOP QA-
806) 

        

Initial 
calibration 
(ICAL) for 
mercury - 
minimum 5 
standards and 
a calibration 
blank 

Daily ICAL prior 
to sample 
analysis. 

5 points plus a calibration 
blank, r ≥ 0.995. 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. 

Second source 
calibration 
verification 
(ICV) 

Once after 
each ICAL, 
prior to 
beginning a 
sample run. 

Value of second source 
for all analyte(s) within ± 
10% of true value. 

Correct problem and 
verify second source 
standard. Rerun ICV. If 
that fails, correct 
problem and repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 

Continuing 
calibration 
verification 
(CCV) 

After every 10 
field samples 
and at the end 
of the analysis 
sequence. 

within ± 20% of true 
value. 

Correct problem, rerun 
calibration verification. 
If that fails, then repeat 
ICAL. Reanalyze all 
samples since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
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TABLE 2 
 

DOD QSM VERSION REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL (> RL for common lab 
contaminants) and > 1/10 
the amount measured in 
any sample or 1/10 the 
regulatory limit (whichever 
is greater). Blank result 
must not otherwise affect 
sample results. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples  cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Calibration 
blank 

Before 
beginning a 
sample run, 
after every 10 
samples, and 
at end of the 
analysis 
sequence. 

No analytes detected > 
LOD. 

Correct problem. Re-
prep and reanalyze 
calibration blank. All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Apply B-flag to all results 
for specific analyte(s) in 
all samples associated 
with the blank. 

 Problem must be 
corrected. All samples 
following the last 
acceptable calibration 
blank must be 
reanalyzed. 

LCS  One per 
preparatory 
batch. 

Water: 
Recovery must be within 
+ 20% of the true value 
Soil: 
Recovery must be within 
vendor supplied limits 
(varies by lot). 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available (see full 
explanation in 
Appendix G). 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix spike 
(MS) 

One per 
preparatory 
batch per 
matrix (see Box 
D-7). 

Recovery must be within 
+ 20% of the true value. 

Examine the project-
specific DQOs. If the 
matrix spike falls 
outside of DoD criteria, 
additional quality 
control tests are 
required to evaluate 
matrix effects. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation 
only. If MS results are 
outside the LCS limits, the 
data shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix spike 
duplicate 
(MSD) or 
sample 
duplicate 

One per 
preparatory 
batch per 
matrix (see Box 
D-7). 

MSD: Recovery must be 
within + 20% of the true 
value. MSD or sample 
duplicate: RPD ≤ 20% 
(between MS and MSD or 
sample and sample 
duplicate). 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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TABLE 2 
 

DOD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method of 
standard 
additions 
(MSA) 

When matrix 
interference is 
confirmed. 

NA. NA. NA. Document use of MSA in 
the case narrative. 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

TOPIC KATAHDIN SOP CA-615-07 USEPA METHOD 7470 
Reagents 
 
 
 

Stannous chloride dissolved in hydrochloric 
acid to prevent clogging of mercury analyzer, 
per instrument manufacturer’s 
recommendation. 

Stannous chloride dissolved/suspended in 
sulfuric acid. 

Procedures 
 
 
 

1)Sampling and gas stream switching 
performed automatically by mercury 
analyzer. 
2)Working Mercury standard prepared 
monthly in 2% nitric; calibration standards 
prepared fresh daily. 

1)Sampling and gas stream switching 
performed manually by analyst. 
2)Working Mercury standard prepared 
fresh daily and acidity maintained at 0.15% 
nitric. 

QC – Calibration 
Verification 
 
 
 

1) Known reference sample (ICV) analyzed 
daily. 
2) Calibration verified after every 10 
samples with CCV. 

1) Known reference sample analyzed 
quarterly. 
2) Calibration verified after every 20 
samples. 

QC - Calibration Blanks 
 

Acceptance criteria employed for 245.1:  ± 
PQL 

Acceptance criteria stated in 245.1:  ± MDL 
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FIGURE 1 
 

EXAMPLE PAGE FROM MERCURY PREPARATION LOGBOOK 
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FIGURE 2 
 

STANDARD ADDITIONS PLOT 
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1.0 SCOPE AND APPLICATION 
 
 The purpose of this SOP is to describe the procedure used by Katahdin Analytical Services, 

Inc. personnel for the digestion and analysis solid samples for mercury using cold vapor 
atomic absorption spectrophotometry. 

 
This method is applicable to the determination of mercury in soils, sediments, bottom 
deposits, and sludges under USEPA Method 7471 (Test Method for Evaluating Solid 
Wastes, USEPA SW 846, Third Edition). 

 
1.1 Definitions 
 

ICB - Initial Calibration Blank - An analyte-free solution consisting of acidified 
laboratory reagent grade water used to verify calibration accuracy. 

 
CCB - Continuing Calibration Blank - An analyte-free solution consisting of acidified 
laboratory reagent grade water used to verify calibration accuracy periodically 
during analysis. 
 
ICV - Initial Calibration Verification - A standard made from a source independent 
from the calibration standards and with analyte concentrations different from those 
in the CCV; used to verify the accuracy of the instrument calibration. 
 
CCV - Continuing Calibration Verification - A midrange standard used to verify 
calibration accuracy periodically during analysis. 
 
LCS - Laboratory Control Sample - A standard or solid reference material that has 
been brought through the sample preparation process.  LCSS utilizes the standard 
reference material.  LCSO is spiked with aqueous mercury LCS spike. 

 
PB - Preparation Blank - Laboratory reagent grade water that has been brought 
through the sample preparation process. 
 
Matrix Spike - An aliquot of a sample to which a known amount of analyte has been 
added before digestion. 
 
Duplicate - A second aliquot of a sample that is prepared and analyzed in the same 
way as the original sample in order to determine the precision of the method. 
 
SERIAL DILUTION - The dilution of a sample by a factor of five.  When corrected by the 
dilution factor, the measured analyte concentrations of the diluted sample should agree with 
those of the original undiluted sample within specified limits.  Serial dilution may reflect the 
influence of interferents. 
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IDL - Instrument Detection Limit - The lowest concentration of an analyte that can 
be determined with 95% confidence by the instrument. 
 
MDL - Method Detection Limit - The minimum concentration of an analyte that can 
be identified, measured, and reported with 99% confidence that the analyte 
concentration is greater than zero. 
 
LOD – Limit of Detection – An estimate of the minimum amount of a substance that 
an analytical process can reliably detect. An LOD is analyte and matrix-specific and 
is used for DoD QSM acceptance criteria. 
 
PQL - Practical Quantitation Limit - The lowest concentration of an analyte that is 
routinely reported by the laboratory; nominally three to five times the IDL. 

 
1.2 Responsibilities 

 
This method is restricted to use by, or under the supervision of analysts 
experienced in the analysis of mercury by USEPA Method 7471. Each analyst must 
demonstrate and document their ability to generate acceptable results with this 
method. Refer to Katahdin SOP QA-805, current revision, “Personnel Training & 
Documentation of Capability”. 
 
It is the responsibility of all Katahdin technical personnel involved in analysis of 
mercury by USEPA Method 7471 to read and understand this SOP, to adhere to the 
procedures outlined, and to properly document their data in the appropriate lab 
notebook. Any deviations from the test or irregularities with the samples should also 
be recorded in the lab notebook and reported to the Department Manager or 
designated qualified data reviewer responsible for this data. 
 
It is the responsibility of the Department Manager to ensure that members of their 
group follow this SOP, to ensure that their work is properly documented, and to 
initiate periodic review of the associated logbooks. 

 
1.3 Safety 

 
Many of the samples and reagents used in cold vapor atomic absorption are toxic or 
corrosive.  Gloves, safety glasses, lab coats, and other protective clothing should be 
worn whenever these materials are handled. Because of the toxic nature of mercury 
vapor, care must be taken to avoid its inhalation. The instrument exhaust fan must 
be in operation whenever the mercury analyzer is in use (the fan should never be 
shut off). 
 
Users of this procedure must be cognizant of inherent laboratory hazards, proper 
disposal procedures for contaminated materials and appropriate segregation of 
hazardous wastes. The toxicity or carcinogenicity of each reagent used in this 
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method has not been precisely defined; however, each chemical should be treated 
as a potential health hazard. A reference file of material safety data sheets is 
available to all personnel involved in the chemical analysis. Everyone involved with 
the procedure must be familiar with the MSDSs for all the materials used in this 
procedure. 
 
Each qualified analyst or technician must be familiar with Katahdin Analytical 
Environmental Health and Safety Manual including the Katahdin Hazardous Waste 
Plan and must follow appropriate procedures.  These include the use of appropriate 
personal protective equipment (PPE) such as safety glasses, gloves and lab coats 
when working with chemicals or near an instrument and not taking food or drink into 
the laboratory. Each analyst should know the location of all safety equipment. Each 
analyst shall receive a safety orientation from their Department Manager, or 
designee, appropriate for the job functions they will perform.  

 
1.4 Pollution Prevention/Waste Disposal 
 

Whenever possible, laboratory personnel should use pollution prevention 
techniques to address there waste generation.  Refer to the current revision of the 
Katahdin Hazardous Waste Management Plan for further details on pollution 
prevention techniques. 
 
Samples, sample digestates, standards, and other reagents used in cold vapor 
atomic absorption may contain high concentrations of acids, mercury, and other 
toxic metals. They should be disposed of in a manner appropriate to the types of 
hazards they present.  All digested mercury samples and standards and excess 
reagents and standards should be disposed of in the satellite waste container for 
corrosive wastes (labeled “Waste Stream A”) that is located in the Metals Prep lab.  
Further information regarding waste classification and disposal may be obtained by 
consulting the laboratory's Katahdin Analytical Environmental Health and Safety 
Manual and the Department Manager. 

   
 
2.0 SUMMARY OF METHOD 

 
The cold vapor atomic absorption technique is based on the absorption of radiation at 253.7 
nm by mercury vapor.  It relies on the volatility of elemental mercury at room temperature. 
During preparation, organic mercurials are oxidized and elemental mercury is ionized to 
Hg3+. During instrumental analysis, mercuric ions are reduced to elemental mercury by the 
addition of stannous chloride. Elemental mercury is then aerated from solution and passes 
through a cell positioned in the path of a mercury spectrophotometer, where absorbance 
(peak height) is measured as a function of mercury concentration and recorded by the 
associated computer. The mercury vapor is then swept out of the instrument into an 
exhaust hood, where it is evacuated from the laboratory. 
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3.0 INTERFERENCES 
 

In addition to inorganic forms of mercury, organic mercurials may be present in 
environmental samples. These organo-mercury compounds will not respond to the cold 
vapor atomic absorption technique unless they are first broken down and converted to 
mercuric ions. The presence of undigested organo-mercurials in samples will result in a low 
bias for analytical results. Certain volatile organic materials will also non-specifically absorb 
radiation at the 253.7 nm analytical wavelength. The presence of such compounds may 
result in a high bias for analytical results. For these reasons, complete digestion using 
potassium permanganate is required for all environmental samples. Complete digestion is 
indicated by the persistence of the purple permanganate color (indicating the presence of 
excess permanganate) following digestion. 
 
Samples that are high in chlorides may require additional permanganate to maintain a 
persistent purple color following digestion. During the oxidation step, chlorides are 
converted to free chlorine, which will absorb radiation at the 253.7 nm analytical 
wavelength.  Any free chlorine thus generated will be present in the headspace of the 
digestion vessel following digestion.  Because samples are poured into autosampler tubes 
prior to analysis by the mercury analyzer, any free chlorine present in the headspace of the 
digestion vessels is not sampled by the instrument and the analysis is free of chlorine 
interference. 

   
 
4.0 APPARATUS AND MATERIALS 
 

4.1 250 mL Pyrex media bottles with plastic screw caps, for use as digestion vessels. 
 

4.2 Water bath capable of maintaining a constant temperature of 95o C. 
 
4.3 Analytical balance capable of weighing to 0.01 g. 

 
4.4 Adjustable volume automatic pipettes - 2 to 20 uL, 10 to 100 uL, 100 to 1000 uL.  

Calibrated Eppendorf Reference pipets and Finn digital pipets are appropriate. 
 
4.5 Repipetters (adjustable repeating pipetters with reservoirs) for dispensing 

concentrated nitric acid, concentrated sulfuric acid, and other reagents. 
 
4.6 Battery powered Traceable Pocket-Size Thermometer from Fisher Scientific, NIST-

traceable, covering the range from -50o to 750o C, for monitoring the temperature of 
the water bath.  Mercury-filled thermometers are not acceptable for use in the 
metals laboratory, due to the possibility of breakage and consequent contamination. 

 
4.7 Disposable graduated polystyrene sample cups, 200 mL capacity. 
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4.8 CETAC M6100 Mercury Analyzer and associated peripherals and parts. 
 

Refer to Katahdin SOP CA-629, current revision, “Operation and Maintenance of the 
CETAC M6100 Mercury Analyzer” for additional required materials. 

   
 

5.0 REAGENTS 
 

5.1 Laboratory reagent grade water – mercury-free water. 
 

5.2 Concentrated nitric acid (HNO3), trace metal grade  
 
5.3 Concentrated hydrochloric acid (HCl), trace metal grade  

 
5.4 Aqua regia: Prepare an appropriate amount immediately before use by carefully 

adding three volumes of concentrated HCl to one volume of concentrated HNO3 in a 
heat-proof beaker or flask. Preparation of aqua regia must be performed in a fume 
hood. 

 
5.5 Potassium permanganate solution, 5% w/v:  Dissolve 50 g of potassium 

permanganate in 1 L laboratory reagent grade water.  The source reagent should be 
labeled as suitable for use in mercury determination.  

 
5.6 Sodium chloride – hydroxylamine hydrochloride solution: Dissolve 120 g sodium 

chloride and 120 g hydroxylamine hydrochloride in laboratory reagent grade water 
and dilute to a final volume of 1 L.  

 
5.7 Stannous chloride solution: Add 70 mL concentrated hydrochloric acid to 500 mL of 

laboratory reagent grade water. Add 100 g stannous chloride and bring to a final 
volume of 1 L. Mix to dissolve.  Reagent should be labeled as suitable for use in 
mercury determination.  

 
5.8 Mercury Stock Standards: Two 10.0 mg/L mercury stock standards, obtained from 

separate sources, are required.  The mercury concentrations of these standards 
must be certified by the manufacturers as traceable to NIST reference standards.  

 
5.9 Intermediate Mercury Standard A:  Appropriately dilute a mercury stock standard to 

obtain a solution containing 1000 ug of mercury per liter in 2% nitric acid. This 
intermediate standard is used to prepare calibration standards, matrix spikes, 
CCVs, and laboratory control samples (refer to Section 8).  The identity of the stock 
standard currently used to prepare this intermediate standard and instructions for its 
dilution may be obtained by consulting the Standards Preparation Logbook 
maintained in the Section. Intermediate Mercury Standard A must be prepared 
monthly, and disposed of appropriately after use. (Note: the concentrations of all 
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stock standards must be certified by the vendors as traceable to NIST reference 
materials).  

 
5.10 Intermediate Mercury Standard B:  Appropriately dilute a mercury stock standard to 

obtain a solution containing 1000 ug of mercury per liter in 2% nitric acid.  The 
source of the stock standard used to prepare Intermediate Mercury Standard B must 
be distinct from that used to prepare Intermediate Mercury Standard A (i.e. obtained 
from a separate vendor).  Intermediate Mercury Standard B is used to prepare the 
ICV (refer to Section 8.0). The identity of the stock standard currently used to 
prepare this intermediate standard and instructions for its dilution may be obtained 
by consulting the Standards Preparation Logbook maintained in the Section. 
Intermediate Mercury Standard B must be prepared monthly, and disposed of 
appropriately after use.  

 
5.11 Solid Reference Material: A soil with a known or empirically-established mercury 

concentration for use in preparing the laboratory control sample for soils.  Solid 
reference materials should be purchased with certificates listing reference values 
and quality control acceptance limits.  See Figure 3 for an example certificate of 
analysis for a solid reference material. 

   
 
6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 
 

Soil samples to be analyzed for mercury should be collected and preserved as described in 
the following table. 

 
Matrix Container1 Collection Volume/ Weight Preservation/ Treatment Holding Time
Solid P, G 40 g Cool to 4oC ± 2o 28 days 

 
 1 P = polyethylene, G = glass  
   
 
7.0 PROCEDURES 
  

BOTTLE PREPARATION 
 
7.1 Mercury digestion bottles are reused, and must be cleaned between uses.  After the 

previous contents of the bottles have been discarded, bottles are segregated 
according to whether the measured mercury concentrations of the previous contents 
were above the PQL (contaminated bottles) or below the PQL (uncontaminated 
bottles). Labels are removed from the bottles by wiping with a paper towel saturated 
with toluene. Both contaminated and uncontaminated bottles are then cleaned with 
Liquinox and water, if necessary, to remove visible grime, and rinsed thoroughly 
with tap water. 
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7.2 Uncontaminated bottles are then triple-rinsed with laboratory reagent grade water, 
and are ready for reuse. 

 
7.3 Contaminated bottles are placed in a bath containing 10% HCl for at least 12 hours. 

After acid-leaching, these bottles are triple rinsed with laboratory reagent grade 
water, and are then ready for reuse. 

 
PREPARATION OF STANDARDS, QC SAMPLES, AND BLANKS 
 
7.4 Prior to performing the digestion, make a list of the samples that are to be digested. 

Enter digestion information (Katahdin Sample Numbers, Bottle IDs, QC Batch ID, 
preparation date, analyst initials, etc.) into the ACCESS computer database and 
print out a copy of the benchsheet.  All necessary details of sample preparation 
(standards preparation information, digestion times, digestion temps, initial weights 
and final volumes, pertinent observations, etc.) must be recorded on this 
benchsheet, which will be bound in the Mercury Preparation Logbook.  Refer to 
Figure 1 for an example page from the Mercury Preparation Logbook. 

 
7.5 Using an industrial marker with super permanent ink, label clean digestion bottles 

with the appropriate sample numbers and standard identifications for each sample 
and standard to be digested. 
 

7.6 Use a bottle-top dispenser to add 100 mL of laboratory grade reagent water to a 
standard digestion bottle (250 mL media bottles). Using a calibrated adjustable 
pipette, prepare the high calibration standard by adding 1000 uL of Intermediate 
Mercury Standard A to an appropriately labeled media bottle containing 100 mL of 
laboratory grade reagent water. The mercury concentration of this calibration 
standard is 10.0 ug/L.  Calibration levels 0.2 ug/L, 0.5 ug/L, 1.0 ug/L, 5.0 ug/L are 
made by diluting the digested 10.0 ug/L standard into calibration blank solution.  
See below for amounts. The 0.2 ug/L and 5.0 ug/L standards are analyzed after 
calibration as the PQL standard and the CCV (refer to Section 8.0), respectively, as 
well as being used in the creation of the calibration curve. 

 
Calibration Level Amount added Amount 

Calibration Blank 
Solution 

0.2 ug/L 0.3 mL 14.7 mL 
0.5 ug/L 0.3 mL 9.5 mL 
1.0 ug/L 1 mL 9 mL 
5.0 ug/L 5 mL 5 mL 

 
7.7 Using a calibrated adjustable pipette, prepare the initial calibration verification (ICV) 

standard (refer to Section 8) by adding 600 uL of Intermediate Mercury Standard B 
to an appropriately labeled digestion bottle.  The mercury concentration of the ICV 
will be 6.0 ug/L. 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-611-09 
STANDARD OPERATING PROCEDURE Date Issued:  04/12 
 Page 11 of 29 
   
 
TITLE: DIGESTION AND ANALYSIS OF SOLID SAMPLES FOR MERCURY BY USEPA 

METHOD 7471 
  
 

7.8  Prepare an appropriate number of preparation blanks (PBS) by adding 1.0 g of 
Teflon boiling chips to labeled digestion bottles. 

 
7.9  Prepare an appropriate number of laboratory control samples (LCSS or LCSO) by 

weighing appropriate masses of solid reference material or by adding 500 uL of 
Intermediate Mercury Standard A respectively into labeled digestion bottles.  The 
mercury concentration of the LCSS will depend on the solid reference material 
used, and the mass of each aliquot.  Refer to Figure 3 for an example certificate of 
analysis for a solid reference material. The mercury concentration of the LCSO will 
be 5.0 ug/L. 
 

7.10 Matrix spikes are prepared by adding 100 uL of Intermediate Mercury Std A to each 
matrix spike sample. The amount of mercury added to each matrix spike increases 
the final digestate concentration by 1.0 ug/L. 

 
7.11 All calibration standards, QC samples, and blanks are digested in the same manner 

as client samples. Refer to Sample Preparation and Digestion, Steps 7.12 through 
7.16 of this SOP. 
 

SAMPLE PREPARATION AND DIGESTION 
 

7.12 Do not decant any water on the sediment sample.  Mix sample with a wooden 
spatula to ensure homogeneity of the sample.  Please refer to the current revision of 
Katahdin Analytical Services SOP CA-108, “Basic Laboratory Technique“, for more 
detailed guidance on sub-sampling to ensure reproducibility.  

 
 Weigh an approximate 0.6 g portion of untreated, homogenized sample from the 

sample container and place in the bottom of a labeled digestion bottle.  
 

7.13 Add 5 mL of laboratory reagent grade water and 5 mL of aqua regia to each sample, 
standard, and QC sample. Place bottles in a water bath located in a fume hood and 
heat for 2 minutes at 95o C. Remove the bottles from the water bath and allow them 
to cool in a fume hood. 
 

7.14 Add 50 mL of laboratory reagent grade water and 15 mL of potassium 
permanganate solution to each digestion bottle, swirl to mix, and allow to stand for 
at least 15 minutes. Samples that contain large amounts of oxidizable organic 
matter may require additional 15 mL aliquots of potassium permanganate solution. 
This is indicated by the failure of the purple permanganate color to persist for the 
entire 15 minute waiting period. Add additional 15 mL aliquots to samples as 
necessary until the purple color persists for 15 minutes.  If any of the samples 
requires these additional aliquots of permanganate, note that fact on the mercury 
preparation benchsheet and accordingly adjust the final volumes recorded on the 
benchsheet for those samples. 
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When a persistent purple color has been obtained for all samples, place the 
digestion bottles in the water bath and heat for 30 minutes at 95o C. Record initial 
and final time and temperatures on the mercury preparation benchsheet. 
 

7.15 Remove the bottles from water bath and allow them to cool in a fume hood.  If any 
of the samples have become colorless during heating, add additional 15 mL aliquots 
of potassium permanganate solution as necessary to obtain a persistent purple 
color and heat for an additional 30 minutes at 95o C. Record any information 
regarding additional permanganate aliquots on the mercury preparation benchsheet 
and accordingly adjust the final volumes recorded on the benchsheet for the 
samples affected. 

 
7.16 Add 6 mL of sodium chloride – hydroxylamine hydrochloride solution to each 

digestion bottle and swirl to mix.  Perform this addition in a fume hood, as chlorine 
gas may be evolved.  This will reduce the excess permanganate, and the sample 
will change from purple to colorless. Add 50 mL of laboratory reagent grade water to 
each bottle.  Wait at least 30 seconds before proceeding with analysis. 

 
INSTRUMENTAL ANALYSIS 

 
7.17 Digested mercury samples are analyzed using the CETAC M6100 Mercury 

Analyzer. Analysis is automated and is controlled by the QuickTrace software 
running on a dedicated PC. Detailed instructions for setting up the instrument and 
running samples are given Katahdin SOP CA-629, “Operation and Maintenance of 
the CETAC M6100 Mercury Analyzer”.  The following information specifically 
pertains to analysis of digested samples in accordance with USEPA Method 7471, 
and should be used in conjunction with the instructions given in Katahdin SOP CA-
629. 

 
7.18 Instrument operating conditions and quality control acceptance limits are specified 

in the instrument software in “templates”. The template that is used to analyze 
digested samples in accordance with USEPA Method 7471 is named “SW846-7470-
7471”. 

 
7.19 Prior to analysis, digested samples, standards, and QC samples are decanted into 

autosampler tubes which are placed in racks on the instrument’s autosampler. The 
“standards” autosampler rack has 10 positions for 25 x 100 mm autosampler tubes 
(50 mL capacity). Tubes containing the calibration standards, the ICV, the CCV, the 
ICB/CCB, and the PQL standard are placed in the appropriately labeled positions in 
this autosampler rack.  
 

7.20 Client samples, batch QC samples (preparation blanks and laboratory control 
samples), and matrix QC samples (duplicates and matrix spikes) are decanted into 
17 x 100 mm autosampler tubes (15 mL capacity), which are placed in the one of 
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the “samples” autosampler racks. The “samples” autosampler racks have 60 
positions for 17 x 100 mm autosampler tubes. Instructions for filling the “samples” 
autosampler racks, including recording the rack position of each sample, are 
contained in Katahdin SOP CA-629, “Operation and Maintenance of the CETAC 
M6100 Mercury Analyzer”. 

 
METHOD OF STANDARD ADDITIONS 
 
7.21 The standard addition technique involves adding known amounts of standard to one 

or more aliquots of the processed sample solution. This technique compensates for 
a sample constituent that enhances or depresses the analyte signal, thus producing 
a different slope from that of the calibration standards. It will not correct for additive 
interferences that cause a baseline shift.  The method of standard additions shall be 
used for analysis of all EP extracts, on all analyses submitted as part of a delisting 
petition, and whenever a new sample matrix is being analyzed. 

 
7.21.1  The simplest version of this technique is the single-addition method, in 

which two identical aliquots of the sample solution, each of volume Vx, are 
taken. To the first (labeled A) is added a known volume VS of a standard 
analyte solution of concentration CS. To the second aliquot (labeled B) is 
added the same volume VS of the solvent. The analytical signals of A and B 
are measured and corrected for nonanalyte signals. The unknown sample 
concentration Cx is calculated: 

 
      CX = SBVSCS 

               (SA-SB)VX 
 

where SA and SB are the analytical signals (corrected for the blank) of 
solutions A and B, respectively. Vs and Cs should be chosen so that SA is 
roughly twice SB on the average, avoiding excess dilution of the sample. If a 
separation or concentration step is used, the additions are best made first 
and carried through the entire procedure. 
 

7.21.2 Improved results can be obtained by employing a series of standard 
additions. To equal volumes of the sample are added a series of standard 
solutions containing different known quantities of the analyte, and all 
solutions are diluted to the same final volume. For example, addition 1 
should be prepared so that the resulting concentration is approximately 50 
percent of the expected absorbance from the endogenous analyte in the 
sample. Additions 2 and 3 should be prepared so that the concentrations are 
approximately 100 and 150 percent of the expected endogenous sample 
absorbance. The absorbance of each solution is determined and then 
plotted on the vertical axis of a graph, with the concentrations of the known 
standards plotted on the horizontal axis. When the resulting line is 
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extrapolated to zero absorbance, the point of interception of the abscissa is 
the endogenous concentration of the analyte in the sample. The abscissa on 
the left of the ordinate is scaled the same as on the right side, but in the 
opposite direction from the ordinate. An example of a plot so obtained is 
shown in Figure 2.  A linear regression program may be used to obtain the 
intercept concentration. 

 
7.21.3 For the results of this MSA technique to be valid, the following limitations 

must be taken into consideration: 
 

• The apparent concentrations from the calibration curve must be linear 
over the concentration range of concern. For the best results, the slope 
of the MSA plot should be nearly the same as the slope of the standard 
curve. If the slope is significantly different (greater than 20%), caution 
should be exercised. 

 
• The effect of the interference should not vary as the ratio of analyte 

concentration to sample matrix changes, and the standard addition 
should respond in a similar manner as the analyte. 

• The determination must be free of spectral interference and corrected for 
nonspecific background interference. 

 
DATA REDUCTION AND REPORTING 

 
7.22 Results are obtained in units of ug/L in the digestate. Results that exceed the 

calibration range of the instrument may not be reported - the sample must be 
appropriately diluted and reanalyzed. Results for diluted samples must be multiplied 
by the dilution factor prior to reporting. If additional aliquots of potassium 
permanganate were added during digestion, the change in digestate final volume 
must be taken into account in calculating the final result. Mercury results for solid 
samples are reported in units of ug/g, calculated on a dry weight basis. Calculation 
of mercury results for solid samples is performed automatically by the Metals 
reporting database, as follows: 
 

Mercury Concentration 
= (C) x (DF) x (FV) x 100 

in Solid (mg/kg dry wt.) (W) x (TS) 
 
where C = Measured digestate concentration (ug/L) 

DF = Instrument dilution factor 
FV = Digestate final volume (L) 
W = Digested wet sample weight (g) 
TS = Total Solids (%) 
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7.23 Results are reported down to the laboratory's practical quantitation level (PQL), 
unless otherwise requested.  Results below the PQL should be reported as "<PQL".   

   
 

8.0 QUALITY CONTROL AND ACCEPTANCE CRITERIA 
 

USEPA Method 7471 requires the laboratory to perform specific quality control checks to 
assess laboratory performance and data quality.  Minimum frequencies, acceptance 
criteria, and corrective actions for these control checks are tabulated in Table 1 and are 
described below.  Preparation instructions and the resulting mercury concentrations for 
calibration standards, QC standards, and matrix spikes are detailed in Sections 7.6 through 
7.10 of this SOP.  Table 1 criteria are intended to be guidelines for analysts.  The table 
does not cover all possible situations.   If any of the QC requirements are outside the 
recovery ranges listed in Table 1, all associated samples must be evaluated against all the QC.  
In some cases data may be reported, but may be reanalyzed in other cases.  Making new 
reagents and standards may be necessary if the standardization is suspect. The corrective 
actions listed in Table 1 may rely on analyst experience to make sound scientific 
judgments.  These decisions are based on holding time considerations and client and 
project specific Data Quality Objectives. The supervisor, Operations Manager, General 
Manager and/or Quality Assurance Officer may be consulted to evaluate data.  Some samples 
may not be able to be reanalyzed within hold time.  In these cases “qualified” data with 
narration may be advisable after consultation with the client. 
  

 Much of the work performed at the lab is analyzed in accordance with specific QC 
requirements spelled out in a project specific Quality Assurance Project Plan (QAPP) or in a 
program specific Quality Systems Manual (QSM).  The reporting limits, acceptance criteria 
and/or corrective actions may be different than those specified in this SOP.  In these cases the 
appropriate information will be communicated to the Department Manager and/or senior 
chemists before initiation of the analyses so that specific product codes can be produced for 
the project.  In addition, the work order notes for each project will describe the specific QAPP 
or QSM to be followed. 

 
INITIAL DEMONSTRATION OF PERFORMANCE 

 
8.1 Instrument detection limits (IDL) are determined quarterly for each analyte analyzed 

on each instrument by each method.  This determination requires seven replicate 
analyses of laboratory reagent grade water spiked, performed on three non-
consecutive days.  The standard deviation of the 21 analyses is multiplied by three 
to obtain the IDL.  For more information on performing IDL determinations, refer to 
the current revision of Katahdin SOP QA-806. 

 
8.2 Method detection limits (MDL) are determined annually for each analyte analyzed 

on each instrument.  This determination requires at least seven replicate digestions 
and analyses of laboratory reagent grade water spiked at 3-5 times the anticipated 
MDL for each analyte.  MDLs differ from IDLs in that the replicates are digested 
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prior to analysis, and they may be analyzed on a single day.  The standard deviation 
of the 7 (or more) replicate analyses is multiplied by the Student’s t-value to obtain 
the MDL.  For more information on performing MDL determinations, refer to the 
current revision of Katahdin SOP QA-806.  

 
8.3 Limits of Detection (LOD) are used when evaluating data using DoD QSM. The LOD 

is established by spiking a quality system matrix at 2-3 times the detection limit for a 
single analyte standard and 1-4 times the detection limit for a multi-analyte 
standard. The LOD must be verified quarterly. For more information on performing 
LOD determinations, refer to the current revision of Katahdin SOP QA-806. 

 
ANALYTICAL RUN QC 
 
8.4 Instrument calibration - The instrument must be calibrated each time it is set up, and 

calibration standards must be digested each day that samples are digested. 
Calibration includes analysis of a calibration blank and five calibration standards 
with graduated concentrations in the appropriate range.  The concentration of one of 
the calibration standards must be at the Practical Quantitation Level (PQL).  The 
correlation coefficient for the calibration curve must be at least 0.995.  If the 
calibration curve does not pass this test, analysis must be halted, the problem 
corrected, and the instrument recalibrated. 

 
8.5 An Initial Calibration Verification (ICV) solution is analyzed after the initial calibration 

to check calibration accuracy.  The ICV solution is prepared from a standard source 
different than that of the calibration standard and at a concentration within the 
working range of the instrument.  The result of the ICV must fall within 90% to 110% 
of the expected value.  If the ICV fails, results may not be reported from the run until 
the problem is corrected and a passing ICV has been analyzed. 

 
8.6 The Continuing Calibration Verification (CCV) solution is analyzed after the initial 

calibration, after every ten samples, and at the end of the analytical run.  The CCV 
solution is prepared using the same standard used for calibration at a concentration 
near the mid-point of the calibration curve.  Results of the CCVs must fall within 
90% to 110% of the expected value.  If a CCV fails, associated sample results may 
not be reported from the run until the problem is corrected and a passing CCV has 
been analyzed.  Also, all samples analyzed after the last passing CCV must be 
reanalyzed. For DoD QSM acceptance criteria, samples that are below the reporting 
limit may be reported if the CCV reads greater than 120%. 

 
8.7 A calibration blank is analyzed after each ICV and CCV.  A calibration blank that is 

analyzed after the ICV is called an Initial Calibration Blank (ICB).  A calibration blank 
that is analyzed after a CCV is called a Continuing Calibration Blank (CCB).  The 
absolute values of results of ICBs and CCBs must be less than the Practical 
Quantitation Level (PQL) for each element. If samples are being run using DoD 
QSM criteria, the absolute values of ICBs and CCBs must be less than the Limit of 
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Detection (LOD). If an ICB or a CCB fails, results for the failing elements may not be 
reported from the run until the problem is corrected and a passing ICB or CCB has 
been analyzed.  Also, all samples analyzed after the last passing CCB must be 
reanalyzed. 

 
8.8 A standard with a mercury concentration that is at the Practical Quantitation Limit 

(PQL) is analyzed at the beginning of the run to determine calibration accuracy at 
the reporting limit.  Result of the PQL standard should fall within 70% to 130% of the 
expected values. If the PQL fails, results may not be reported from the run until the 
problem is corrected and a passing PQL has been analyzed. 

 
PREPARATION BATCH QC SAMPLES 
 
8.9 Preparation blank (PBW or PBS), consisting of reagent water carried through the 

same process as associated samples, is prepared with each digestion batch of 
twenty or fewer samples.  The results of preparation blanks must be less than the 
Practical Quantitation Level (PQL) for each element. For DoD QSM acceptance 
criteria the results must be less than ½ the PQL except for common contaminants 
which must be less than the PQL. If a preparation blank fails, results for the failing 
elements may not be reported from the digestion batch, and all associated samples 
must be redigested, with the following exception.  If the result for a preparation 
blank is greater than the PQL (greater than ½ PQL for DoD), associated sample 
results that are less than the PQL (less than ½ PQL for DoD) or greater than or 
equal to ten times the measured preparation blank concentration may be reported. 

 
8.10 A laboratory control sample (LCSS or LCSO), consisting of solid reference material 

or 500 uL of Intermediate Standard A carried through the same process as 
associated samples, is prepared with each digestion batch of twenty or fewer 
samples. If a laboratory control sample fails, results may not be reported from the 
digestion batch, and all associated samples must be redigested.  The laboratory 
uses a reference value and statistical acceptance limits for laboratory control 
samples that are supplied by the vendor of the solid reference material. The results 
of the LCSO must fall with in 80% - 120% of its true value which is 5.0 ug/L. If 
samples are being prepared using DoD QSM acceptance criteria, the results of the 
LCSS or LCSO must be within 80% - 120%. 

 
SAMPLE MATRIX QC SAMPLES 

 
8.11 Matrix spiked duplicate samples are prepared at a minimum frequency of one per 

digestion batch.  Matrix spike recoveries for these samples are calculated as 
follows: 

 
   Recovery (%)   =   (P - S) x100% 
               A  

 



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-611-09 
STANDARD OPERATING PROCEDURE Date Issued:  04/12 
 Page 18 of 29 
   
 
TITLE: DIGESTION AND ANALYSIS OF SOLID SAMPLES FOR MERCURY BY USEPA 

METHOD 7471 
  
 

where: P = Spiked sample value 
  S = Original sample value 
  A = Spike amount 
 

The recovery for each element in a spiked sample or spiked duplicate sample must 
fall within 75% to 125% of the actual value if the result for the unspiked sample is 
less than four times the amount of spike added.  If one or both spike recoveries fail, 
a matrix interference should be suspected and the associated sample result should 
be flagged on the report of analysis. If DoD QSM acceptance criteria are being 
used, recoveries must be the same as stated for laboratory control samples. 

 
 The relative percent difference between matrix spiked duplicate sample results is 

calculated as follows: 
 

RPD (%)   =   |D1 – D2|      x 100 
              (|D1 + D2|)/2 
 
 where: D1 = Spike sample result 
  D2= Spike duplicate sample result 
 
 A control limit of 20% RPD is applied to matrix spike duplicate analysis.  If the matrix 

spike duplicate analysis fails, the associated sample result should be flagged on the 
report of analysis. 

 
8.12 Serial Dilution - A serial dilution is analyzed to check for chemical or physical 

interferences.  If the analyte concentration of a sample is sufficiently high (minimally, 
50 x IDL or 50 x LOQ if using DoD QSM acceptance criteria), the measured 
concentration of a serial dilution (1:5 dilution) of the sample should agree within 
90% to 110% of the original determination. The percent difference between the 
original sample and the serial dilution should be calculated as follows:  

 
                          Difference (%) = |L-S| *100% 
                                    S 
 

where: L = Serial dilution result (corrected for dilution) 
 S = Original sample result 

 
If the serial dilution analysis fails, a matrix interference should be suspected.  The 
associated sample result should be flagged on the report of analysis or the sample 
should be reanalyzed at dilution to eliminate the interference. 

 
8.13 Post-digestion Spike (PDS) additions must be performed for DoD QSM samples if 

the serial dilution is not within acceptance criteria or if the analyte concentrations in 
all samples are less than 50x the LOD. The spike addition should produce a 
concentration that is between 10 and 100x the LOQ. The recovery of the PDS must 
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be within 75-125%. If the PDS fails, all samples must be run by method of standard 
additions or appropriately flagged. 

   
 
9.0 METHOD PERFORMANCE 
 

The method detection limit (MDL) is defined as the minimum concentration of a substance 
that can be measured and reported with 99% confidence that the value is above zero. The 
MDLs shall be determined and verified one time per type of instrument unless otherwise 
required by the method. 
 
A Limit of Detection (LOD) is an estimate of the minimum amount of a substance that an 
analytical process can reliably detect. An LOD is analyte and matrix specific and may be 
laboratory-dependent. LODs must be determined for all parameters for which the laboratory 
is accredited under the DoD Environmental Laboratory Accreditation Program.  LOD’s must 
be verified for every preparation and analytical method combination and on every applicable 
instrument on a quarterly basis.  
 
The Limit of Detection (LOQ) is the minimum levels, concentrations, or quantities of a target 
variable (e.g., target analyte) that can be reported with a specified degree of confidence.  
The LOQ shall be set at the lowest point in the calibration curve for all analyses utilizing an 
initial calibration.  LOQ’s must be verified quarterly for every preparation and analytical 
method combination and on every applicable instrument on a quarterly basis for all 
parameters included in the DoD Scope of Accreditation.  The LOQ must be verified at least 
once annually if the analysis is not included in the DoD Scope of Accreditation. 
 
MDLs are filed with the Organic Department Manager and then with the QAO.  LOD and 
LOQ verifications are filed with the QAO 
 
Refer to the current revision of Katahdin SOP QA-806, Method Detection Limit, Instrument 
Detection Limit and Reporting Limit Studies and Verifications, for procedures on 
determining the MDL. 
 
Refer to the current revision of Method 7471 for other method performance parameters and 
requirements. 
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TABLE 1 
  

QC REQUIREMENTS 
 

Parameter/ 
Method 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action 

Mercury/ 
USEPA 
Method 
7471B 

Initial Calibration, 
5 points plus a 
calibration blank. 

Daily prior to 
sample analysis. 

Correlation coefficient ≥ 0.995. Correct problem and repeat calibration.

 Initial Calibration 
Verification (ICV), 
prepared from a 
second source. 

Before beginning a 
sample run. 

Recovery within + 10% of true 
value. 

Correct problem and repeat calibration.

 Initial Calibration 
Blank (ICB) 

Before beginning a 
sample run. 

Less than PQL. 
 

Correct problem and repeat calibration.

 Practical 
Quantitation Level 
Standard (PQL) 

Before beginning a 
sample run. 

Recovery within + 30% of true 
value. 

Correct problem and repeat calibration.

 Continuing 
Calibration 
Verification (CCV) 

At beginning or 
run, after every 10 
samples, and at 
end of the run 

Recovery within + 10% of true 
value 

Repeat calibration and reanalyze all 
samples analyzed since the last 
successful CCV. 

 Continuing 
Calibration Blank 
(CCB) 

At beginning or 
run, after every 10 
samples, and at 
end of the run 

Less than PQL. 
 

Repeat calibration and reanalyze all 
samples analyzed since the last 
successful CCB. 

 Preparation Blank 
(PBS) 

One per digestion 
batch of 20 or 
fewer samples. 

Less than PQL. 
 

1) Investigate source of contamination.
2) Redigest and reanalyze all 
associated samples if sample 
concentration ≥ PQL and < 10x the 
blank concentration. 

 Laboratory Control 
Sample (LCSS or 
LCSO) 

One per digestion 
batch of 20 or 
fewer samples. 

LCSS: Recovery within vendor-
supplied acceptance limits. 
LCSO: Recovery within + 20% 
of true value. 

Redigest all affected samples. 

 Matrix Spike 
Sample (S) 

One per digestion 
batch of 20 or 
fewer samples. 

Recovery ± 25% of true value, 
if sample > 4x spike value. 
 

Flag results. 

 Matrix Spike 
Duplicate Sample 
(P) or sample 
duplicate (D) 

One per digestion 
batch of 20 or 
fewer samples. 

1)Recovery + 25% of true 
value, if sample < 4x spike 
added. 
2) RPD ≤20% for duplicate 
spikes or duplicate samples. 

Flag results 

 Post-Digestion 
Matrix Spike 
Sample (PDS) 

When matrix spike 
or MSD fail 

Recovery ±20% of true value Analyze serial dilution of sample 

 Serial Dilution Test 
(L) 

One per digestion 
batch or when 
PDS fails 

1:5 dilution of sample must 
agree within 10% with 
undiluted result 

If MS, MSD, PDS, and serial dilution 
fail, quantitate sample by method of 
standard additions 
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TABLE 1 
 

QC REQUIREMENTS (CONTINUED) 
 
Parameter/ 

Method 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective Action 

Instrument 
Detection Limit 
(IDL) Study 

Quarterly. IDL < PQL 1)Repeat IDL study. 
2)Raise PQL. 

Method Detection 
Limit (MDL) Study 

Refer to KAS SOP QA-806, “Method Detection Limit, Instrument Detection Limit 
and Reporting Limit Studies and Verifications”, current revision. 

 

Mercury/ 
USEPA 
Method 
7471B 

Limit of Detection 
(LOD) 
determination 

Quarterly. LOD = 2-3X MDL Repeat LOD Determination. 
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TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 
acceptable 
analytical 
capability 

Prior to using 
any test 
method and at 
any time there 
is a significant 
change in 
instrument 
type, 
personnel, test 
method, or 
sample matrix. 

QC acceptance criteria 
published by DoD, if 
available; otherwise, 
method-specified criteria. 

Recalculate results; 
locate and fix problem, 
then rerun 
demonstration for 
those analytes that did 
not meet criteria. 

NA. This is a demonstration of 
analytical ability to 
generate acceptable 
precision and bias per the 
procedure in Appendix C. 
No analysis shall be 
allowed by analyst until 
successful demonstration 
of capability is complete. 

LOD 
determination 
and verification 

(Refer to 
current revision 
of  SOP QA-
806) 

        

LOQ 
establishment 
and verification 

(Refer to 
current revision 
of  SOP QA-
806) 

        

Initial 
calibration 
(ICAL) for 
Mercury: 
minimum 5 
standards and 
a calibration 
blank 

Daily ICAL prior 
to sample 
analysis. 

If more than one 
calibration standard is 
used, r ≥ 0.995. 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until ICAL has 
passed. 

Second source 
calibration 
verification 
(ICV) 

Once after 
each ICAL, 
prior to 
beginning a 
sample run. 

Value of second source 
for all analyte(s) within ± 
10% of true value. 

Correct problem and 
verify second source 
standard. Rerun ICV. If 
that fails, correct 
problem and repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Problem must be 
corrected. No samples 
may be run until 
calibration has been 
verified. 

Continuing 
calibration 
verification 
(CCV) 

After every 10 
field samples 
and at the end 
of the analysis 
sequence. 

CVAA: within ± 20% of 
true value. 

Correct problem, rerun 
calibration verification. 
If that fails, then repeat 
ICAL. Reanalyze all 
samples since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Problem must be 
corrected. Results may 
not be reported without a 
valid CCV. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 
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TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method blank One per 
preparatory 
batch. 

No analytes detected > ½ 
RL and > 1/10 the amount 
measured in any sample 
or 1/10 the regulatory limit 
(whichever is greater). 
Blank result must not 
otherwise affect sample 
results.  Contact Client if 
samples cannot be 
reprepped within hold 
time.  
 
For negative blanks, 
absolute value < LOD. 

Correct the problem. 
Report sample results 
that are <LOD or >10x 
the blank 
concentration. 
Reprepare and 
reanalyze the method 
blank and all 
associated samples 
with results > LOD and 
< 10x the 
contaminated blank 
result.  Contact Client 
if samples cannot be 
reprepped within hold 
time.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid method blank. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Calibration 
blank 

Before 
beginning a 
sample run, 
after every 10 
samples, and 
at end of the 
analysis 
sequence. 

No analytes detected > 
LOD. 
For negative blanks, 
absolute value < LOD. 

Correct problem. Re-
prep and reanalyze 
calibration blank. All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Apply B-flag to all results 
for specific analyte(s) in 
all samples associated 
with the blank. 

  

LCS containing 
all analytes to 
be reported 

One per 
preparatory 
batch. 

Water:  
Recovery must be within 
± 20% of the true value 
Soil:  
Recovery must be within 
vendor supplied limits 
(varies by lot). 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Problem must be 
corrected. Results may 
not be reported without a 
valid LCS. Flagging is 
only appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix spike 
(MS) 

One per 
preparatory 
batch per 
matrix (see Box 
D-7). 

Recovery must be within 
± 20% of the true value 

Examine the project-
specific DQOs. If the 
matrix spike falls 
outside of DoD criteria, 
additional quality 
control tests are 
required to evaluate 
matrix effects. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

For matrix evaluation 
only. If MS results are 
outside the LCS limits, the 
data shall be evaluated to 
determine the source of 
difference and to 
determine if there is a 
matrix effect or analytical 
error. 

Matrix spike 
duplicate 
(MSD) or 
sample 
duplicate 

One per 
preparatory 
batch per 
matrix 

MSD: Recovery must be 
within ± 20% of the true 
value. 
MSD or sample duplicate: 
RPD ≤ 20% (between MS 
and MSD or sample and 
sample duplicate). 

Examine the project-
specific DQOs. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met. 

The data shall be 
evaluated to determine 
the source of difference. 

    
 
 
 
 

  



KATAHDIN ANALYTICAL SERVICES, INC. SOP Number: CA-611-09 
STANDARD OPERATING PROCEDURE Date Issued:  04/12 
 Page 25 of 29 
   
 
TITLE: DIGESTION AND ANALYSIS OF SOLID SAMPLES FOR MERCURY BY USEPA 

METHOD 7471 
  
 

TABLE 2 
 

DoD QSM QC REQUIREMENTS 
 

QC Check Minimum 
Frequency 

Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method of 
standard 
additions 
(MSA) 

When matrix 
interference is 
confirmed. 

NA. NA. NA. Document use of MSA in 
the case narrative. 

Results 
reported 
between DL 
and LOQ 

NA. NA. NA. Apply J-flag to all results 
between DL and LOQ. 
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TABLE 3 
 

SUMMARY OF METHOD MODIFICATIONS 
 

Topic Katahdin SOP CA-611-09 USEPA Method 7471, current revision
Reagents 
 
 
 

Stannous chloride dissolved in hydrochloric 
acid to prevent clogging of mercury analyzer, 
per instrument manufacturer’s 
recommendation. 

Stannous chloride dissolved/suspended in 
sulfuric acid. 

Procedures 
 
 
 

Sampling and gas stream switching performed 
automatically by mercury analyzer. 

Sampling and gas stream switching performed 
manually by analyst. 

QC – Calibration 
Verification 
 
 
 

1)Known reference sample (ICV) analyzed 
daily. 
2)Calibration verified after every 10 samples 
with CCV. 

1)Known reference sample analyzed quarterly.
2)Calibration verified after every 20 samples. 

QC - Calibration Blanks 
and Method Blanks 
 

Acceptance Criterion: < PQL  Acceptance criteria: Low enough not to 
interfere with data quality objectives, or <10% 
of PQL, or <10% of regulatory limit, or <10% 
of lowest associated sample 
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FIGURE 1 
 

EXAMPLE PAGE FROM MERCURY PREPARATION LOGBOOK 
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FIGURE 2 
 

STANDARD ADDITIONS PLOT 
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FIGURE 3 
 

EXAMPLE CERTIFICATE OF ANALYSIS FOR A SOLID REFERENCE MATERIAL 
 
 



ADDENDUM

SOP NO CHANGE FORM



KATAHDIN ANALYTICAL SERVICES, INC.  
SOP "REVIEW WITH NO CHANGES" FORM  

Name of Person Reviewing SOP: IT\C-A-0 \C‘ 	\\ ()-S('‘f\  

Review Date: ) lgEz 113 

SOP Number: C A 10 - 

SOP Title: 

ei-c....cp 	Nf‘' 	i C. COAA VIVA VCAP■7t,*1-- SCOA 	cuo 

THE ABOVE REFERENCED SOP HAS BEEN REVIEWED BY A QUALIFIED AND TRAINED 
ANALYST OR SUPERVISOR. NO CHANGES ARE REQUIRED TO THE SOP AT THIS TIME. 

Department Supervisor Signature: 	 Date: 

    

677  

 

     

      

QAO Signature: 	 Date: 
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SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 

 
TESTAMERICA LABORATORIES WEST SACRAMENTO 

880 Riverside Parkway 
West Sacramento, CA   95605 

Douglas Weir     Phone:  916 3744 389 
 
 

ENVIRONMENTAL  
 
 
Valid To:  January 31, 2014     Certificate Number:  2928.01 
 
 
In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the laboratory's 
compliance with ISO IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in version 4.2 of the DoD Quality Systems 
Manual for Environmental Laboratories) accreditation is granted to this laboratory to perform recognized EPA methods 
using the following testing technologies and in the analyte categories identified below: 
 
Testing Technologies 
 
Inductively Coupled Plasma (ICP), ICP-Mass Spectroscopy, Atomic Absorption Spectroscopy (flame), Gas 
Chromatography(GC), GC- Mass Spectroscopy, High Resolution Gas Chromatography/High Resolution Mass Spectroscopy, 
Liquid Chromatography(LC),LC- Mass Spectroscopy, Ion Chromatography, Spectrophotometry, Misc.- Electronic Probes 

 
Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
     
Metals     
     
Aluminum EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Antimony EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Arsenic EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Barium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Beryllium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Cadmium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Calcium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Chromium (Total) EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Chromium (Hexavalent) EPA 7196A EPA 7196A ------- EPA 3005A/3010A/3050A 
Cobalt EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Copper EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Iron EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Lead EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Magnesium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Manganese EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Mercury EPA 7470A EPA 7471A ------- EPA 3005A/3010A/3050A 
Molybdenum EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Nickel EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Potassium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Selenium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Silver EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Sodium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Thallium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Vanadium EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
Zinc EPA 6010B/6020 EPA 6010B/6020 ------- EPA 3005A/3010A/3050A 
     
Nutrients     
     
Nitrate  EPA 353.2/9056A/300.0 EPA 353.2/9056A/300.0 ------- ----------------------------------- 
Nitrate-nitrite EPA 353.2/  

SM4500-NO3 F 
EPA 353.2 ------- ----------------------------------- 

Nitrite  EPA 353.2/9056A/300.0 EPA 353.2/9056A/300.0 ------- ----------------------------------- 
Orthophosphate  EPA 9056A/300.0 EPA 9056A/300.0 ------- ----------------------------------- 
     
Wet Chemistry      
     
Oil and Grease  EPA 1664A/9070 EPA 1664A/9071 ------- ----------------------------------- 
Nitrocellulose  WS-WC-0050 WS-WC-0050 ------- ----------------------------------- 
Perchlorate EPA 6850 EPA 6850 ------- ----------------------------------- 
Chloride  EPA 9056A/300.0 EPA 9056A/300.0 ------- ----------------------------------- 
Fluoride  EPA 9056A/300.0 EPA 9056A/300.0 ------- ----------------------------------- 
Sulfate  EPA 9056A/300.0 EPA 9056A/300.0 ------- ----------------------------------- 
   ------- ----------------------------------- 
Hazardous Waste 
Characteristics 

    

     
TCLP Extractables ------------------------------ EPA 1311   
TCLP Inorganics ------------------------------ EPA 1311 ------- ----------------------------------- 

  ------- ----------------------------------- 
Purgeable Organics     
(volatiles)     
     
Acetone EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Acrolein EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Acrylonitrile EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Allyl Chloride EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Benzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Bromochloromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Bromodichloromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Bromoform EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Bromomethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Carbon disulfide EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Carbon tetrachloride EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Chlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Chloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
2-Chloroethyl vinyl ether EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Chloroform EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Chloromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Chloroprene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Cyclohexane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1-Chlorocyclohexane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Dibromochloromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2-Dibromo-3-
chloropropane 

EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 

1,2-Dibromoethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Dibromomethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2-Dichlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,3-Dichlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,4-Dichlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
T-1,4-Dichloro-2-Butene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Dichlorodifluoromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1-Dichloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2-Dichloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1-Dichloroethene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
trans-1,2-Dichloroethene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
cis-1,2-Dichloroethene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2-Dichloropropane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,3-Dichloropropane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
2,2-Dichloropropane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1-Dichloropropene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
cis-1,3-Dichloropropene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
trans-1,3-Dichloropropene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,4-Dioxane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Ethylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Ethylmethacrylate EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Hexachlorobutadiene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Hexane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
2-Hexanone (MBK) EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Iodomethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Isobutanol EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Isopropyl Ether EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Methacrylonitrile EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Methyl tert-butyl ether 
(MTBE) 

EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 

Methylene chloride EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Methyl ethyl ketone EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Methyl Methacrylate EPA 8260B/8260C EPA 8260B/8260C ------- ----------------------------------- 
4-Methyl-2-pentanone 
(MIBK) 

EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 

Naphthalene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Propionitrile EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1,1,2-Tetrachloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1,2,2-Tetrachloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Tetrachloroethene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Tetrahydrofuran EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Toluene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2,3-Trichlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2,4-Trichlorobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1,1-Trichloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1,2-Trichloroethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,1-2-Trichloro-1,2-2-
trifluorethane 

EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 

Trichloroethene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Trichlorofluoromethane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2,3-Trichloropropane EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Vinyl acetate EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Vinyl chloride EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
m & p xylene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
o-xylene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Xylenes, Total EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
tert-amyl methyl ether 
(TAME) 

EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 

tert-butyl alcohol (TBA) EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Ethyl tert-butyl ether (ETBE) EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Bromobenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
n-Butylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
sec-Butylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
tert-Butylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
2-Chlorotoluene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
4-Chlorotoluene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Isopropylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
n-Propylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Styrene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,2,4-Trimethylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
1,3,5-Trimethylbenzene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Oxygenates EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
Gasoline Range Organics 
(GRO) 

EPA 8260B/AK101 EPA 8260B/AK101 ------- EPA 5030A/5030B/5035/5035A 

p-Isopropyltoluene EPA 8260B/8260C EPA 8260B/8260C ------- EPA 5030A/5030B/5035/5035A 
     
Extractable Organics     
(semivolatiles)     
     
Acenaphthene EPA 8270C/8270D/WS-

MS-006/WS-MS-0008 
EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Acenaphthylene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Acetophenone EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Acetylaminofluorene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Aminobiphenyl EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Aniline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Anthracene EPA 8270C/8270D/WS-

MS-006/WS-MS-0008 
EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

7,12-
Dimethylbenz(a)anthracene 

EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Aramite EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Benzaldehyde EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Dibenze(a,j)acridine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Benzidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Benzo(a)anthracene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzo(b)fluoranthene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzo(k)fluoranthene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzo(j)fluoranthene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Benzo(g,h,i)perylene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzo(a)pyrene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzo(e)pyrene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzoic acid EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Benzyl alcohol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Benzyl butyl phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-sec-Butyl-4,6-
dinitrophenol 

EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Bis(2-chloroethoxy) 
Methane 

EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Bis(2-chloroethyl) ether EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Bis(2-chloroisopropyl) ether EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Di(2-ethylhexyl) phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Bromophenyl phenyl ether EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Carbazole EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
4-Chloroaniline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
4-Chloro-3-methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Hexacloropropene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
2-Chloronaphthalene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
2-Chlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
4-Chlorophenyl phenyl ether EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Chrysene EPA 8270C/8270D/WS-

MS-006/WS-MS-0008 
EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Diallate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3510C/3550B/ 
3580A 

Dibenz(a,h)anthracene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Dibenzofuran EPA 8270C/8270D EPA 8270C/8270D WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

1,2-Dichlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,3-Dichlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,4-Dichlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

3,3'-Dichlorobenzidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,4-Dichlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,6-Dichlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Diethyl Phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,4-Dimethylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Dimethyl Phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Di-n-butyl phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Di-n-octyl phthalate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4,6-Dinitro-2-methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,4-Dinitrophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,4-Dinitrotoluene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2,6-Dinitrotoluene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,4-Dioxane WS-MS-0011 WS-MS-0011 ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
1,2-Diphenylhydrazine 
(as Azobenzene) 

EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Famphur EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Fluoranthene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Fluorene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Hexachlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Hexachlorobutadiene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Hexachlorocyclopentadiene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Hexachloroethane EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Indeno(1,2,3-c,d)pyrene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Isodrin EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Isophorone EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Isosafrole  EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Isosafrole #1 EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Isosafrole #2 EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Kepone EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Dimethoate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Methapyrilene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Methyl methanesulfonate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Methyl Parathion EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

3-Methylcholanthrene EPA 8270C/8270D EPA 8270C/8270D  EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Methylnaphthalene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

2-Methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

3-Methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

3&4-Methylphenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Naphthalene EPA 8270C/8270D/WS-

MS-006/WS-MS-0008 
EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

1,4-Naphthoquinone EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1-Chloronaphthalene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1-Methylnaphthalene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1-Naphthylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Naphthylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Nitroaniline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

3-Nitroaniline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Nitroaniline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Nitro-o-toluidine-1-oxide EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

5-Nitro-o-toluidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Nitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,2-Dinitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,3-Dinitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,4-Dinitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,3,5-Trinitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Nitrophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

4-Nitrophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosodimethylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosodi-n-propylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosodiphenylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosodiethylamine  EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitroso-di-n-butylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosomethylethylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosomorpholine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosopyrrolidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

n-Nitrosopiperidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
Parathion EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
p-Chorobenzilate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
p-Dimthylaminoazobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Pentachlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Pentaclorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Pentacloronitrobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Pentacloroethane EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Phenacetin EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Phenanthrene EPA 8270C/8270D/WS-

MS-006/WS-MS-0008 
EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

a,a-Dimethylphenethlamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Phenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Biphenyl EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Diphenylamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

p-Phenylenediamine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

2-Picoline EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Phorate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Promamide EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Pyrene EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

EPA 8270C/8270D/WS-
MS-006/WS-MS-0008 

WS-
MS-
0006 

EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A     
Air: 3542/TO-13A 

Pyridine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Safrole EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Sulfotepp EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Disulfotone EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Ethylmethanesulfonate EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Thionazin EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,2,4,5-Tetrachlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

1,2,4-Trichlorobenzene EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
2,4,5-Trichlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
2,3,4,6-Tetrachlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
2,3,5,6-Tetrachlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
2,4,6-Trichlorophenol EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3580A 
Diesel Range Organics 
(DRO) 

EPA 
8015B/8015C/AK102 

EPA 
8015B/8015C/AK102 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

Residual Range Organics AK103 AK103 ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

o,o,o-TEPT EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

o-Toluidine EPA 8270C/8270D EPA 8270C/8270D ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3580A 

     
Dioxins     
     
2,3,7,8-TeCDD  EPA 8280A/8280B/8290 

/8290A/1613B 
EPA 8280A/8280B/8290 
/8290A/1613B 

 -------------------------------------- 

1,2,3,7,8-PeCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,4,7,8-HxCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,6,7,8-HxCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,7,8,9-HxCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,4,6,7,8-HpCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

OCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

2,3,7,8-TeCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,7,8-PeCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

2,3,4,7,8-PeCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,4,7,8-HxCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,6,7,8-HxCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,7,8,9-HxCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

2,3,4,6,7,8-HxCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,4,6,7,8-HpCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

1,2,3,4,7,8,9-HpCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

OCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total TCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 
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Total PeCDD EPA 8280A/8280B/8290 

/8290A/1613B 
EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total HxCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total HeptaCDD  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total TCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total PeCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total HxCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

Total HpCDF  EPA 8280A/8280B/8290 
/8290A/1613B 

EPA 8280A/8280B/8290 
/8290A/1613B 

------- --------------------------------------- 

     
Chemical Warfare 
Degradates 

    

     
1,4-Dithiane  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
Benzothiazole  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
p-Chlorophenyl 
methylsulfide  

WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 

p-Chlorophenyl 
methylsulfoxide  

WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 

p-Chlorophenyl 
methylsulfone  

WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 

Chloropicrin  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
Acetophenone  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
2-Chloroacetophenone  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
1,4-Oxathiane  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
Dimethyl Disulfide  WS-MS-0003  WS-MS-0003  ------- --------------------------------------- 
Diisopropylmethylphosphate 
(DIMP)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

Dimethylmethylphosphonate 
(DMMP)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

Ethyl methylphosphonic acid 
(EMPA)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

Isopropyl methylphosphonic 
acid (IMPA)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

Methylphosphonic acid 
(MPA)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

Thiodiglycol (2,2'-
Thiodiethanol) (TDG)  

WS-LC-0004  WS-LC-0004  ------- --------------------------------------- 

     
Nitroaromatics     
     
2-Amino-4,6-dinitrotoluene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
4-Amino-2,6-dinitrotoluene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
3,5-Dinitroaniline  EPA 8330B EPA 8330B ------- --------------------------------------- 
1,3-Dinitrobenzene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
2,4-Dinitrotoluene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
2,6-Dinitrotoluene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
Ethylene glycol dinitrate  EPA 8330B EPA 8330B ------- --------------------------------------- 
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Glycerol trinitrate 
(Nitroglycerin)  

EPA 8330B EPA 8330B ------- --------------------------------------- 

Hexahydro-1,3,5-trinitro-
1,3,5-triazine (Hexogen)  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

Methyl-2,4,6-
trinitrophenylnitramine  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

Nitrobenzene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
2-Nitrotoluene (o-
Nitrotoluene)  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

3-Nitrotoluene (m-
Nitrotoluene)  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

4-Nitrotoluene (p-
Nitrotoluene)  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

Octahydro-1,3,5,7-
tetranitro1,3,5,7-tetracine 
(Octogen)  

EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 

Picric acid  EPA 8330B EPA 8330B ------- --------------------------------------- 
Pentaerythritol tetranitrate  EPA 8330B EPA 8330B ------- --------------------------------------- 

1,3,5-Trinitrobenzene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
2,4,6-Trinitrotoluene  EPA 8330A/8330B EPA 8330A/8330B ------- --------------------------------------- 
Nitroguanidine WS-LC-0010  WS-LC-0010  ------- --------------------------------------- 
     
Nitrosamines     
     
N-Nitrosodimethylamine 
(NDMA)  

WS-MS-0012  WS-MS-0012  ------- --------------------------------------- 

     
Perfluoro Compounds     
     
Perfluorooctanoic acid  WS-LC-0020  WS-LC-0020  ------- --------------------------------------- 
Perfluorooctane sulfonate  WS-LC-0020  WS-LC-0020  ------- --------------------------------------- 
     
Pesticides/PCBs     
     
Aldrin EPA 8081A/8081B/EPA 

1699 
EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

a-BHC EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

b-BHC EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

d-BHC EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

g-BHC (Lindane) EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

a-Chlordane EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

g-Chlordane EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Oxy-Chlordane EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

4,4'-DDD EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 
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Parameter/Analyte Non potable Water Solid Hazardous Waste Air Associated Prep Methods 
2,4’-DDD EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 

3550B/3550C/3620B/3660A 
4,4'-DDE EPA 8081A/8081B/EPA 

1699 
EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

2,4’-DDE EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

4,4'-DDT EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

2,4’-DDT EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Dieldrin EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endosulfan I EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endosulfan II EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endosulfan sulfate EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endrin EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endrin aldehyde EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Endrin ketone EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Heptachlor EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Heptachlor epoxide EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Hexachlorobenzene EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Methoxychlor EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Cis-Nonachlor EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Trans-Nonachlor EPA 1699 EPA 1699  EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Toxaphene EPA 8081A/8081B/EPA 
1699 

EPA 8081A/8081B/EPA 
1699 

------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Mirex EPA 1699 EPA 1699 ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

Chlordane (technical) EPA 8081A/8081B EPA 8081A/8081B ------- EPA 3500B/3500C/3510C/ 
3550B/3550C/3620B/3660A 

      
PCB (Aroclors)     
      
PCB-1016 EPA 8082/8082A EPA 8082/8082A ------- EPA 3500B/3500C/3510C/ 

3550B/3550C/3620B/3660A/ 
3620B/3665A 

PCB-1221 EPA 8082/8082A EPA 8082/8082A ------- EPA 3500B/3500C/3510C/ 
PCB-1232 EPA 8082/8082A EPA 8082/8082A ------- 3550B/3550C/3620B/3660A/ 
PCB-1242 EPA 8082/8082A EPA 8082/8082A ------- 3620B/3665A 
PCB-1248 EPA 8082/8082A EPA 8082/8082A ------- EPA 3500B/3500C/3510C/ 
PCB-1254 EPA 8082/8082A EPA 8082/8082A ------- 3550B/3550C/3620B/3660A/ 
PCB-1260 EPA 8082/8082A EPA 8082/8082A ------- 3620B/3665A 
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PCB-1262 EPA 8082/8082A EPA 8082/8082A ------- EPA 3500B/3500C/3510C/ 
PCB-1268 EPA 8082/8082A EPA 8082/8082A ------- 3550B/3550C/3620B/3660A/ 
     
PCB (congeners)     
     
PCB 1 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 2 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 3 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 4 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 5 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 6 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 7 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 8 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 9 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 10 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 11 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 12 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 13 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 14 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 15 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 16 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 17 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 18 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 19 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 20 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 21 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 22 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 23 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 24 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 25 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 26 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 27 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 28 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 29 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 30 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 32 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 31 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 33 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 34 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 35 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 36 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 37 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 38 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 39 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 40 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 41 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 42 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 43 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 44 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 45 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 46 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 47 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 48 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 49 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 50 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 51 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 52 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 53 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 54 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 55 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 56 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 57 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 58 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 59 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 60 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 61 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 62 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 63 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 64 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 65 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 66 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 67 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 68 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 69 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 70 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 71 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 72 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 73 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 74 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 75 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 76 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 77 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 78 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 79 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 80 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 81 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 82 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 83 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 84 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 85 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 86 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 87 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 88 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 89 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 90 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 91 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 92 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 93 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 94 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 95 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 96 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 97 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 98 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 99 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 100 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 101 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 102 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 103 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 104 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 105 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 106 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 108 (BZ)/107 (IUPAC)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 109 (BZ)/108 (IUPAC)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 107 (BZ)/109 (IUPAC)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 110 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 111 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 112 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 113 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 114 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 115 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 116 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 117 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 118 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 119 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 120 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 121 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 122 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 123 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 124 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 125 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 126 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 127 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 128 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 129 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 130 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 131 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 132 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 133 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 134 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 135 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 136 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 137 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 138 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 139 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 140 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 141 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 142 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 143 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 144 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 145 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 146 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 147 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 148 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 149 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 150 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 151 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 152 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 153 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 154 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 155 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 156 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 157 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 158 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 159 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 160 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 161 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 162 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 163 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 164 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 165 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 166 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 167 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 168 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 169 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 170 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 171 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 172 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 173 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 174 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 175 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 176 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 177 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 178 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 179 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 180 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 181 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 182 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 183 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 184 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 185 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 186 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 187 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 
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PCB 188 (BZ)  EPA 1668A mod/1668C 

mod 
EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 189 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 190 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 191 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 192 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 193 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 194 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 195 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 196 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 197 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 198 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 201 (BZ)/199 (IUPAC)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 199 (BZ)/200 (IUPAC)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 200 (BZ)/201 (IUPAC)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 202 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 203 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 204 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 205 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 206 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 207 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 208 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

PCB 209 (BZ)  EPA 1668A mod/1668C 
mod 

EPA 1668A mod/ 1668C 
mod 

------- --------------------------------------- 

     
Hormones,Steroids, 
Pharmaceuticals and 
Disinfection Byproducts 

    

     
Acetominophen WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Atenolol WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Azithromycin WS-LC-0024 -------------------------------   
Carbadox WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Carbamazepine WS-LC-0024 ------------------------------- ------- --------------------------------------- 
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Clarithromycin WS-LC-0024 -------------------------------   
Diazepam WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Digoxigenin WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Digoxin WS-LC-0024 -------------------------------   
Diphenylhydramine WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Fluoxetine WS-LC-0024 -------------------------------   
Flumequine WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Gemfibrozil WS-LC-0024 -------------------------------   
Ibuprofen WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Naproxen WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Ormetoprim WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Penicillin G WS-LC-0024 -------------------------------   
Sulfachloropyridazine WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Sulfadiazine WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Sulfamethizole WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Sulfamethoxazole WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Sulfathiazole WS-LC-0024 ------------------------------- ------- --------------------------------------- 
Thiabendazole WS-LC-0024 -------------------------------   
Trimethoprim WS-LC-0024 -------------------------------   
Tris (2-chloro-2-
propyl)phosphate (TCPP) 

WS-LC-0024 ------------------------------- ------- --------------------------------------- 

Warfarin WS-LC-0024 ------------------------------- ------- --------------------------------------- 
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In recognition of the successful completion of the A2LA evaluation process that includes an assessment of the laboratory’s compliance with 
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1. SCOPE AND APPLICATION 

1.1.1. This method provides procedures for the detection and quantitative 
measurement of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 
polychlorinated dibenzo-p-dioxins (tetra- through octachlorinated homologs; 
PCDDs), and polychlorinated dibenzofurans (tetra- through octachlorinated 
homologs; PCDFs) in a variety of environmental matrices at part-per-trillion 
(ppt) concentrations by SW 846 Method 8290 and 8290A.  The analytical 
method calls for the use of high-resolution gas chromatography and high-
resolution mass spectrometry (HRGC/HRMS) on purified sample extracts.  
An optional method for reporting the analytical results using a 2,3,7,8-TCDD 
toxicity equivalency factor (TEF) is also described.  Table 1 lists the various 
sample types covered by this analytical protocol, the 2,3,7,8-TCDD-based 
method calibration limits and other pertinent information. 

1.2. The sensitivity of this method is dependent upon the level of interferences within a 
given matrix. 

1.3. This method is designed for use by analysts who are experienced with residue analysis 
and skilled in high-resolution gas chromatography/high resolution mass spectrometry 
(HRGC/HRMS). 

1.4. Samples containing concentrations of specific congeners (PCDDs and PCDFs) that are 
greater than the calibration limit should be analyzed by a protocol designed for such 
concentrations, such as 8280A/B.   

1.5. When undertaking projects for Department of Defense (DoD) the relevant criteria in 
QA Policy WS-PQA-021 “DoD QSM and AFCEE QAPP Implementation” must be 
checked and incorporated. 

2. SUMMARY OF METHOD 

2.1. This procedure uses matrix-specific extraction, analyte-specific cleanup, and high-
resolution capillary column gas chromatography/high resolution mass spectrometry 
(HRGC/HRMS) techniques.  Sample preparation is addressed in WS-IDP-0005. 

2.2. One to two μL of the concentrated extract are injected into an HRGC/HRMS system 
capable of performing selected ion monitoring at resolving powers of at least 10,000 
(10 percent valley definition). 

2.3. The identification of ten of the 2,3,7,8-substituted congeners (Table 3), for which a 
13C-labeled standard is included as a spiked compound, is based on their elution at their 
exact retention time (-1 to +3 seconds from the respective isotope dilution analyte or 
internal standard signal) and simultaneous detection of the two most abundant ions in 
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the molecular ion region.  All other identified PCDD/PCDF congeners are identified by 
their RRT’s based on the daily CCV standard, and the simultaneous detection of the 
two most abundant ions in the molecular ion region.  Confirmation is based on a 
comparison of the ratio of the integrated ion abundance of the molecular ion species to 
their theoretical abundance ratio. 

2.4. Quantification of the individual congeners, total PCDDs and total PCDFs is achieved 
in conjunction with the establishment of a multipoint (five points) calibration curve for 
each homolog, during which each calibration solution is analyzed once. 

3. DEFINITIONS 

3.1. Definitions of terms used in this SOP may be found in the glossary of the Quality 
Assurance Manual (QAM). 

3.2. Data qualifiers are defined on each data report.  Commonly used data qualifiers are 
defined in the QAM. 

3.3. Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs): compounds (Figure 1) that contain from one to eight chlorine atoms.  The  
seventeen 2,3,7,8-substituted PCDDs and PCDFs are shown in Table 3.  The number of 
isomers at different chlorination levels is shown in Table 4. 

3.4. Homologous series: Defined as a group of chlorinated dibenzodioxins or dibenzofurans 
having a specific number of chlorine atoms. 

3.5. Isomer:  Chemical compounds that contain the same number of atoms of the same 
elements, but differ in structural arrangement and properties.  For example, 1,2,3,4-
TCDD and 2,3,7,8-TCDD are different structural isomers. 

3.6. Congener:  Any isomer of any homologous series.  

3.7. Isotope Dilution Analyte: An isotope dilution analyte is a 13C-labeled analog of a 
congener chosen from the compounds listed in Table 3.  Isotope dilution analytes are 
added to all samples including method blanks and quality control samples before 
extraction, and they are used to quantitate the concentration of the analytes.  Nine 
isotope dilution analytes are used in this method.  There is one for each of the dioxin 
and furan homologs (except for OCDF) with the degree of chlorination ranging from 
four to eight.  Additional isotope dilution analytes may be added to act as retention 
time references, but they are not used for quantitation. 

3.8. Internal Standard: Two internal standards are used to determine the percent recoveries 
for the isotope dilution analytes.  The 13C-1,2,3,4-TCDD is used to measure the percent 
recoveries of the tetra- and pentachlorinated  isotope dilution analytes while 13C-
1,2,3,7,8,9-HxCDD is used to determine the recovery of the hexa-, hepta- and 
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octachlorinated isotope dilution analytes.  13C-1,2,3,7,8,9-HxCDD also acts as a 
retention time reference for the unlabeled analog present in sample extracts.  They are 
added to the final sample extract before HRGC/HRMS instrument analysis. 

3.9. Estimated Detection Limit (EDL)/ Estimated Quantiation Limit (EQL): The sample 
specific estimated detection limit (EDL/EQL) is the concentration of a given analyte 
required to produce a signal with a peak height of at least 2.5 times the background 
noise level. 

3.10. Estimated Maximum Possible Concentration (EMPC): The calculated concentration of 
a signal having the same retention time as a PCDD/PCDF congener, but which does 
not meet the other qualitative identification criteria defined in the method. 

4. INTERFERENCES 

4.1. Solvents, reagents, glassware and other sample processing hardware may yield discrete 
artifacts or elevated baselines that may cause misinterpretation of the chromatographic 
data.  All of these materials must be demonstrated to be free from interferents under the 
conditions of analysis by running laboratory method blanks.  Analysts shall not use 
PVC gloves. 

4.2. The use of high-purity reagents and solvents helps minimize interference problems.  
Purification of solvents by distillation in all-glass systems may be necessary. 

4.3. Re-use of glassware is to be minimized to avoid the risk of contamination. 

4.4. Interferents co-extracted from the sample will vary considerably from matrix to matrix.  
PCDDs and PCDFs are often associated with other interfering chlorinated substances 
such as polychlorinated biphenyls (PCBs), polychlorinated diphenyl ethers (PCDPEs), 
polychlorinated naphthalenes, and polychlorinated xanthenes that may be found at 
concentrations several orders of magnitude higher than the analytes of interest.  
Retention times of target analytes must be verified using reference standards.  These 
values must correspond to the retention time windows established.  While certain 
clean-up techniques are provided as part of this method, unique samples may require 
additional cleanup steps to achieve lower detection limits. 

4.5. A high-resolution capillary column (60m DB-5) is used to resolve as many PCDD and 
PCDF isomers as possible.  However, no single column is known to resolve all 
isomers.  The DB-225 column is used for the quantitation of 2,3,7,8-TCDF when 
2,3,7,8-TCDF on the DB-5 column is detected. 

5. SAFETY 

Employees must abide by the policies and procedures in the Corporate Environmental Health 
and Safety Manual (CW-E-M-001), the Sacramento Addendum to the Corporate EH&S 
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Manual (WS-PEHS-002) and this document.  This procedure may involve hazardous material, 
operations and equipment.  This SOP does not purport to address all of the safety problems 
associated with its use.  It is the responsibility of the user of the method to follow appropriate 
safety, waste disposal and health practices under the assumption that all samples and reagents 
are potentially hazardous.  Safety glasses, gloves, lab coats and closed-toed, nonabsorbent 
shoes are a minimum.   

5.1. Specific Safety Concerns or Requirements 

5.1.1. The effluents of sample splitters for the gas chromatograph and roughing 
pumps on the HRGC/HRMS system should pass through either a column of 
activated charcoal or be bubbled through a trap containing oil or high-boiling 
alcohols.  

5.1.2. Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically 
resistant gloves must be worn while samples, standards, solvents, and reagents 
are being handled.  Latex and vinyl gloves provide no protection against most 
of the organic solvents used in this method.  Nitrile or similar gloves must be 
used.  Latex gloves may be used for methanol. 

5.1.3. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore all samples must be opened, transferred and prepared in a fume 
hood.  Solvent and waste containers will be kept closed unless transfers are 
being made. 

5.1.4. Laboratory procedures such as repetitive use of pipets, repetitive transferring 
of extracts, and manipulation of filled separatory funnels and other glassware 
represent a significant potential for repetitive motion or other ergonomic 
injuries.  Laboratory associates performing these procedures are in the best 
position to realize when they are at risk for these types of injuries.  Whenever 
a situation is found in which an employee is performing the same repetitive 
motion, the employee shall immediately bring this to the attention of their 
supervisor, manager, or the EH&S staff.  The task will be analyzed to 
determine a better means of accomplishing it. 

5.2. Primary Materials Used 

The following is a list of the materials used in this method, which have a serious or 
significant hazard rating.  NOTE:  This list does not include all materials used in 
the method.  The table contains a summary of the primary hazards listed in the 
MSDS for each of the materials listed in the table.  A complete list of materials used 
in the method can be found in the reagents and materials section.  Employees must 
review the information in the MSDS for each material before using it for the first time 
or when there are major changes to the MSDS. 
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Material 
(1) 

Hazards Exposure 
Limit (2) 

Signs and symptoms of exposure 

Acetone Flammable 1000 ppm-
TWA 

Inhalation of vapors irritates the respiratory tract. May 
cause coughing, dizziness, dullness, and headache. 

Hexane Flammable 
Irritant 

500 ppm-TWA Inhalation of vapors irritates the respiratory tract. 
Overexposure may cause lightheadedness, nausea, 
headache, and blurred vision. Vapors may cause irritation 
to the skin and eyes. 

Iso-octane Flammable 
Irritant 

None 
established 

Inhalation of vapors may cause nausea, headache, 
dizziness, loss of consciousness, irritation to upper 
respiratory tract, pain in throat and nose, coughing, 
wheezing, shortness of breath. 

Methanol Flammable 
Poison 
Irritant 

200 ppm-TWA A slight irritant to the mucous membranes.  Toxic effects 
exerted upon nervous system, particularly the optic nerve.  
Symptoms of overexposure may include headache, 
drowsiness and dizziness.  Methyl alcohol is a defatting 
agent and may cause skin to become dry and cracked.  
Skin absorption can occur; symptoms may parallel 
inhalation exposure.  Irritant to the eyes. 

Methylene 
Chloride 

Carcinogen 
Irritant 

25 ppm-TWA 
125 ppm-STEL 

Causes irritation to respiratory tract.  Has a strong narcotic 
effect with symptoms of mental confusion, light-
headedness, fatigue, nausea, vomiting and headache.  
Causes irritation, redness and pain to the skin and eyes.  
Prolonged contact can cause burns.  Liquid degreases the 
skin.  May be absorbed through skin. 

Tetradecane Irritant None 
established 

Inhalation of vapors may cause difficulty breathing, 
headache, intoxication and central nervous system 
damage. 

Toluene Flammable 
Poison 
Irritant 

200 ppm-TWA 
300 ppm-
Ceiling 

Inhalation may cause irritation of the upper respiratory 
tract.  Symptoms of overexposure may include fatigue, 
confusion, headache, dizziness and drowsiness.  Peculiar 
skin sensations (e. g. pins and needles) or numbness may 
be produced.  Causes severe eye and skin irritation with 
redness and pain.  May be absorbed through the skin. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 

6. EQUIPMENT AND SUPPLIES 

6.1. Preventive and routine maintenance is described in the ‘Schedule of Routine 
Maintenance’ in the QAM. 

6.2. High-Resolution Gas Chromatograph/High-Resolution Mass Spectrometer/Data 
System (HRGC/HRMS/DS). 

6.2.1. Capable of collecting, recording and storing MS data. The VG70 and 
Autospec Ultima systems utilize Opus version 3.6 software and the Autospec 
Premiere system utilizes MassLynx version 4.1 software. 

6.2.2. The GC must be equipped for temperature programming.  All required 
accessories must be available, such as syringes, gases, and capillary columns.  
The GC injection port must be designed for capillary columns.  The use of 
splitless injection techniques is recommended.  The use of a moving needle 
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injection port is also acceptable.  When using the method described in this 
protocol, a 2-μL injection volume is used consistently (i.e., the injection 
volumes for all extracts, blanks, calibration solutions and the performance 
check samples are 2 μL).  1 μL injections are allowed; however, laboratories 
are encouraged to remain consistent throughout the analyses by using the 
same injection volume at all times on a given HRGC/HRMS/DS. 

6.2.3. Gas Chromatograph/Mass Spectrometer (GC/MS) Interface - The GC/MS 
interface components should withstand 350° C.  The interface must be 
designed so that the separation of 2,3,7,8-TCDD from the other TCDD 
isomers achieved in the gas chromatographic column is not appreciably 
degraded.  Cold spots or active surfaces (adsorption sites) in the GC/MS 
interface can cause peak tailing and peak broadening.  It is recommended that 
the GC column be fitted directly into the mass spectrometer ion source 
without being exposed to the ionizing electron beam.  Graphite ferrules should 
be avoided in the injection port because they may adsorb the PCDDs and 
PCDFs.  Vespel® or equivalent ferrules are recommended. 

6.2.4. Mass Spectrometer - The static resolving power of the instrument must be 
maintained at a minimum of 10,000 (10 percent valley).  The mass 
spectrometer must be operated in a selected ion monitoring (SIM) mode with 
a total cycle time (including the voltage reset time) of one second or less. 

6.2.5. Data System - A dedicated data system is employed to control the rapid 
multiple ion monitoring process and to acquire the data.  Quantification data 
(peak areas or peak heights) and SIM traces (displays of intensities of each ion 
signal being monitored including the lock-mass ion as a function of time) 
must be acquired during the analyses and stored.  Quantifications may be 
reported based upon computer-generated peak areas or upon measured peak 
heights (chart recording).  The data system must be capable of acquiring data 
for a minimum of 10 ions in a single scan.  It is also recommended to have a 
data system capable of switching to different sets of ions (descriptors) at 
specified times during an HRGC/HRMS acquisition.  The data system should 
be able to provide hard copies of individual ion chromatograms for selected 
gas chromatographic time intervals.  It should also be able to acquire mass-
spectral peak profiles and provide hard copies of peak profiles to demonstrate 
the required resolving power.  The data system should also permit the 
measurement of noise on the base line.  

6.3. GC Column 

6.3.1. Due to poor separation of 2,3,7,8-TCDF from other TCDF isomers on the 60 
m DB-5 column, a 30M DB-225 is used to quantitate 2,3,7,8-TCDF.  This 
column is used when 2,3,7,8-TCDF is detected.  
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6.3.2. In order to have an isomer-specific determination for 2,3,7,8-TCDD and to 
allow the detection of OCDD/OCDF within a reasonable time interval in one 
HRGC/HRMS analysis, the 60-m DB-5 fused-silica capillary column is 
recommended.  At the beginning of each 12-hour period during which 
samples are analyzed and after tuning, acceptable compound separation on the 
GC column must be demonstrated through the analysis of a column 
performance check solution.  Operating conditions known to produce 
acceptable results with the recommended column are shown in Table 7. 

7. REAGENTS AND STANDARDS 

7.1. Solvents 

7.1.1. High-purity, distilled-in-glass or highest available purity: methylene chloride, 
hexane, methanol, tetradecane, isooctane, toluene, and acetone. 

7.2. All calibration, daily isotope dilution analyte, daily clean up internal standards, and 
daily spiking solutions are stable for one year from preparation.  After 1 year, solutions 
may be re-verified.  The re-verified solution may be used for an additional year, or 
until there is evidence of compound degradation or concentration.  The re-verification 
must be performed using an unexpired, not previously re-verified solution from a 
second lot or second vendor. 

7.2.1. Sealed ampules may be used until the manufacturer’s expiration date is 
exceeded.  If no expiration date is provided, then the expiration date will be 10 
years from the date the ampule is opened.  The solvent level should be 
monitored prior to each use to assure there has been no concentration of the 
standard over time. 

7.3. Calibration Solutions 

7.3.1. High-Resolution Concentration Calibration Solutions (Table 5) - Five 
tetradecane solutions containing unlabeled (totaling 17) and carbon-labeled 
(totaling 16) PCDDs and PCDFs at known concentrations are used to calibrate 
the instrument.  The concentration ranges are homolog dependent, with the 
lowest values associated with the tetra chlorinated dioxins and furans (0.5 
pg/μL) and the highest for the octachlorinated congeners (2000 pg/μL).  

7.3.2. Individual isomers that make up the high-resolution concentration calibration 
solutions are obtained from commercial sources and prepared in the 
laboratory.  These standards are traceable back to EPA-supplied standard 
solutions.   

7.3.3. Store the calibration solutions in appropriate containers and at room 
temperature in the dark.  
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7.3.4. Standards for method 8290A require storage at ≤ 6oC. 

7.4. GC Column Performance Check Solution 

7.4.1. This solution contains the first and last eluting isomers for each homologous 
series from tetra- through hepta-chlorinated congeners.  The solution also 
contains a series of other TCDD isomers for the purpose of documenting the 
chromatographic resolution.  The 13C-2,3,7,8-TCDD is also present.  The 
laboratory is required to use tetradecane as the solvent and adjust the volume 
so that the final concentration does not exceed 100 pg/μL per congener.  Table 
8 summarizes the qualitative composition (minimum requirement) of this 
performance evaluation solution for the DB-5 column. 

7.4.2. For the DB-225 column, the column performance check solution contains a 
series of TCDF isomers in addition to the 2,3,7,8-TCDF.  The solution is 
injected and evaluated at the start of each analytical sequence on the DB-225 
column to ensure that 2,3,7,8-TCDF is resolved from its closest eluting 
isomers with a baseline-to-valley ratio of ≤ 25%.  Table 8 summarizes the 
qualitative composition (minimum requirement) of this performance 
evaluation solution on for the DB-225 column. 

7.5. Field Surrogate Solution (air matrices) 

7.5.1. This solution contains one 37Cl labeled analog (for Method TO-9/TO-9A) or 
one 37Cl and four 13C labeled analogs (for Methods 23 and/or 0023A) at the 
nominal concentration indicated in Table 2.  It is used to assess sample 
collection and recovery procedures. 

7.6. Sample Fortification Solution (Isotope dilution analyte) 

7.6.1. This isooctane (or toluene) solution contains the nine isotope dilution analytes 
at the nominal concentrations that are listed in Table 2.  The solution contains 
at least one carbon-labeled standard for each homologous series, and it is used 
to measure the concentrations of the native substances.  (Note that 13C-OCDF 
is not present in the solution.) 

7.7. Internal Standard Solution 

7.7.1. This tetradecane solution contains two internal standards (13C-1,2,3,4-TCDD 
and 13C-1,2,3,7,8,9-HxCDD).  An appropriate volume of this solution will be 
spiked into each sample extract before the final concentration step and 
HRGC/HRMS analysis. 



SOP No. WS-ID-0005, Rev. 7.5
Effective Date: 04/19/2013  

Page No.: 10 of 50
 

Company Confidential & Proprietary 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. The sample collection, shipping, handling, and chain-of-custody procedures are not 
described in this document.  Sample collection personnel will, to the extent possible, 
homogenize samples in the field before filling the sample containers.  This should 
minimize or eliminate the necessity for sample homogenization in the laboratory.  The 
analyst should make a judgment, based on the appearance of the sample, regarding the 
necessity for additional mixing.  If the sample is clearly non-homogeneous, the entire 
contents should be transferred to a glass or stainless steel pan for mixing with a 
stainless steel spoon or spatula before removal of a sample portion for analysis. 

8.2. Grab and composite samples must be collected in glass containers.  

8.3. Ambient air samples are collected on a Quartz Fiber Filter followed by a glass sleeve 
containing a polyurethane foam plug. 

8.4. Samples from stationary sources are collected on glass or quartz fiber filters and XAD-
2 Resin.  (See WS-ID-0009 for sample preparation procedures). 

8.5. Conventional sampling practices must be followed.  Do not rinse the bottle with 
sample before collection.  Sampling equipment must be free of potential sources of 
contamination. 

8.6. With the exception of the fish tissues, which must be stored at - 20°C, all samples 
should be stored at 4°C ± 2, extracted within 30 days and completely analyzed within 
45 days of collection.  The 30 day hold time is recommended.  PCDDs and PCDFs 
have demonstrated stability for greater than one year. 

8.7. All extracts must be stored capped, in the dark, at room temperature (approximately 
21°C to 28°C).  All extracts for method 8290A must be stored capped at ≤ 6oC. 

9. QUALITY CONTROL 

9.1. One method blank (MB) must be extracted with every process batch of similar matrix, 
not to exceed twenty (20) samples.  The method blank is an aliquot of laboratory 
matrix (reagent water, Ottawa sand, sodium sulfate, PUF, XAD, filter, etc.) processed 
in the same manner and at the same time as the associated samples.  Corrective actions 
must be documented on a Non-Conformance memo, then implemented when target 
analytes are detected in the method blank above the reporting limit or when surrogate 
recoveries are outside control limits.  Re-extraction of the blank, other batch QC, and 
the affected samples are required when the method blank is deemed unacceptable.  The 
method blank contains a PUF plug, XAD, or filter prepared from the same batch as the 
field samples whenever possible for air samples. 
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Certain programs, such as DOD, may require a more stringent evaluation of the method 
blank, for instance, that the blank not contain any analytes of interest at a concentration 
greater than ½ the lower calibration limit.   

Note:  Re-extraction of the blank, QC and affected samples for the air matrices (PUF, 
XAD, and filter) is not generally possible because the entire sample is consumed in the 
initial extraction. 

9.1.1. The method blank must be spiked prior to extraction with the same amount of 
13C-labeled isotope dilution analytes as added to samples. 

9.1.2. If method blank contamination is present, check solvents, reagents, 
fortification solutions, apparatus and glassware to locate and eliminate the 
source of contamination before any further samples are extracted and 
analyzed. 

9.1.2.1. OCDD is a ubiquitous laboratory contaminant.  A method blank and 
the associated samples are deemed acceptable if the OCDD 
concentration is <5x the specified reporting limit.  Flag data 
appropriately.  The analyst is expected to investigate and eliminate 
potential sources of systematic contamination. 

9.1.2.2. If a target analyte is detected in the blank but the associated samples 
are ND (not detected), then the data may be reported, unless 
otherwise directed by the client.  Note the action in the narrative. 

9.1.2.3. If a target analyte is detected in the blank, but the concentration of 
the contaminant in the samples >10x the blank concentration, then 
the data may be reported, unless otherwise directed by the client.  
Note the action in the narrative. 

9.1.3. If new batches of reagents or solvents contain interfering contaminants, purify 
or discard them.  

9.2. A Laboratory Control Sample (LCS) must be extracted with every process batch of 
similar matrix, not to exceed twenty (20) samples.  The LCS is an aliquot of laboratory 
matrix (e.g. water, Ottawa sand, sodium sulfate, PUF, XAD, etc.) spiked with analytes 
of known identity and concentration.  The LCS must be processed in the same manner 
and at the same time as the associated samples.  Corrective actions must be 
documented on a Non-Conformance memo, then implemented when recoveries of any 
spiked analyte is outside control limits provided on the LIMS or by the client.  Re-
extraction of the blank, other batch QC and all associated samples are required if the 
LCS is deemed unacceptable.  See policy WS-PQA-003 for specific acceptance 
criteria.  When associated with PUF samples, the LCS should contain a PUF plug 
prepared from the same batch as the field samples whenever possible. 
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Note:  Re-extraction of the blank, QC and affected samples for the air matrices (PUF, 
XAD, and filter) is not generally possible because the entire sample is consumed in the 
initial extraction. 

9.2.1. A LCS is deemed acceptable if control analytes are above upper control limits 
and the associated samples are ND, unless otherwise specified by the client.  
Note any actions in the narrative. 

9.3. The assessment of matrix effects on method performance, as required by NELAP, is 
met in Method 8290 and 8290A, as in all isotope dilution techniques, with the use of 
isotopically labeled compounds.  These isotopically labeled compounds are analogs of 
target analytes and are spiked into each sample.  Therefore, matrix effects on method 
performance may be judged by the recovery of these analogs.  Sample analysis 
acceptance is controlled by the performance of these analogs in each sample.  A Matrix 
Spike/Matrix Spike Duplicate (MS/MSD or MS/SD) pair are extracted at the client’s 
request only.  Method 8290A does not address analysis of MS/MSD.  An exception to 
this rule is a batch containing South Carolina samples for Method 8290.  These batches 
must have an MS/MSD prepared.  However, South Carolina requires Method 8290A 
after December 31, 2008.  An MS/MSD pair are aliquots of a selected field sample 
spiked with analytes of known identity and concentration.  When requested by the 
client, the MS/MSD pair shall be processed in the same manner and at the same time as 
the associated samples.  Corrective actions must be documented on a Non-
Conformance memo, then implemented when recoveries of any spike analyte is outside 
control limits provided on the LIMS or by the client.  Re-extraction of the blank, the 
LCS, the selected field sample, and the MS/MSD may be required after evaluation and 
review.  Matrix Spike/ Matrix Spike Duplicates are not generally applicable for air 
samples due to the difficulty in collecting identical or representative samples.  An 
LCS/LCSD may be extracted to show precision of the extraction and analysis process. 

9.3.1. Matrix Spike (MS): A sample, which is spiked with a known amount of the 
matrix spike fortification solution prior to the extraction step.  The recoveries 
of the matrix spike compounds are determined; they are used to estimate the 
effect of the sample matrix upon the analytical methodology. 

9.3.2. Matrix Spike Duplicate (MSD): A second portion of the same sample as used 
in the matrix spike analysis and which is treated like the matrix spike sample. 

9.3.3. Locate the sample for the MS and MSD analyses (the sample may be labeled 
"double volume"). 

9.3.4. Add an appropriate volume of the matrix spike fortification solution, adjusting 
the fortification level as specified in Table 1, under IS Spiking Levels. 

9.3.5. Analyze the MS and MSD samples as described in Section 11. 
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9.3.6. The results obtained from the MS and MSD samples (percent recovery and 
concentrations of 2,3,7,8-substituted PCDDs/PCDFs) should agree within 20 
percent relative difference.  Report all results and flag outliers. 

9.3.7. Isotope dilution analyte recoveries are flagged if they are outside the recovery 
goals.  Re-extraction of affected samples should be performed if signal-to-
noise for any isotope dilution analyte is less than 10:1. 

9.4. Duplicates 

9.4.1. Upon client request, duplicates may be processed.  Locate the sample 
specified for duplicate analysis, and prepare and analyze a second 10-g soil or 
sediment sample portion or 1-L water sample, or an appropriate amount of the 
type of matrix under consideration.  Duplicate samples are not generally 
applicable for air samples due to the difficulty in collecting identical or 
representative samples.  A duplicate injection of a sample extract may be 
performed to display instrument precision. 

9.4.1.1. The results of the laboratory duplicates (percent recovery and 
concentrations of 2,3,7,8-substituted PCDD/PCDF compounds) 
should agree within 25 percent relative difference.  Report all results 
and flag outliers. 

9.4.2. Isotope dilution analyte recoveries are flagged if they are outside the recovery 
goals.  Re-extraction of affected samples should be performed if signal-to-
noise for any isotope dilution analyte is less than 10:1. 

9.5. Surrogate/Clean Up Internal Standard   

A surrogate compound may be spiked into all air media samples prior to collection.  
For all other matrices, a clean up internal standard is spiked following extraction and 
just prior to cleanup, in order to monitor relative loss of isotope dilution analyte during 
both extraction and cleanup. 

9.6. Isotope Dilution Analytes 

9.6.1. Isotope dilution analytes must be spiked into all samples, QC samples, and 
included in all calibrations. 

9.6.2. For each sample and QC aliquot, calculate the percent recovery.  The percent 
recovery should be between 40 percent and 135 percent for all nine isotope 
dilution analytes.  

9.6.3. A low or high percent recovery for a blank does not require discarding the 
analytical data but it may indicate a potential problem with future analytical 
data.  Isotope dilution analyte recoveries are flagged if they are outside the 
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recovery goals.  Re-extraction of affected samples should be performed if 
signal-to-noise for any isotope dilution analyte is less than 10:1. 

9.7. Recommended Corrective Actions and Troubleshooting Steps 

• Verify satisfactory instrument performance. 
• If possible, verify that no error was made while weighing the sample portions. 
• Review the analytical procedures with the performing laboratory personnel. 

10. CALIBRATION 

Calibration and Standardization requires a check of mass resolution (tuning), a check of 
chromatographic resolution, a verification of switching times (i.e. descriptors), and a 
calibration curve verification. 

10.1. For details of the calculations used to generate the regression equations, and how to use 
the factors generated by these equations, refer to SOP CA-Q-S-005 “Calibration 
Curves (General)”. 

10.2. Tuning (Mass Resolution Check) 

10.2.1. The mass spectrometer must be operated in the electron ionization mode.  A 
static resolving power of at least 10,000 (10 percent valley definition) must be 
demonstrated at appropriate masses before any analysis is performed.  
Corrective actions must be implemented whenever the resolving power does 
not meet the requirement. 

10.2.2. Chromatography time for PCDDs and PCDFs exceeds the long-term mass 
stability of the mass spectrometer.  Because the instrument is operated in the 
high-resolution mode, mass drifts of a few ppm (e.g., 5 ppm in mass) can have 
serious adverse effects on instrument performance.  Therefore, a mass-drift 
correction is mandatory.  To that effect, it is recommended to select a lock-
mass ion from the reference compound (PFK is recommended) used for 
tuning the mass spectrometer.  The selection of the lock-mass ion is dependent 
on the masses of the ions monitored within each descriptor.  Table 6 offers 
some suggestions for the lock-mass ions.  However, an acceptable lock-mass 
ion at any mass between the lightest and heaviest ion in each descriptor can be 
used to monitor and correct mass drifts.  The level of the reference compound 
(PFK) metered into the ion chamber during HRGC/HRMS analyses should be 
adjusted so that the amplitude of the most intense selected lock-mass ion 
signal (regardless of the descriptor number) does not exceed 10 percent of the 
full-scale deflection for a given set of detector parameters.  Under those 
conditions, sensitivity changes that might occur during the analysis can be 
more effectively monitored. 

NOTE:  Excessive PFK (or any other reference substance) may cause noise problems 
and contamination of the ion source resulting in downtime for source cleaning. 
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10.2.3. By using a PFK molecular leak, tune the instrument to meet minimum 
required resolving power of 10,000 (10 percent valley) at m/z 304.9824 (PFK) 
or any other reference signal close to m/z 303.9016 (from TCDF).  Verify that 
the exact mass of m/z 380.9760 (PFK) is within 5 ppm of the required value.  
Note that the selection of the low- and high-mass ions must be such that they 
provide the largest voltage jump performed in any of the five mass descriptors 
(Table 6). 

10.2.4. Documentation of the instrument resolving power must then be accomplished 
by recording the peak profile of the high-mass reference signal (m/z 
380.9760).  The minimum resolving power of 10,000 must be demonstrated 
on the high-mass ion while it is transmitted at a lower accelerating voltage 
than the low-mass reference ion, which is transmitted at full sensitivity.  The 
format of the peak profile representation (Figure 3) must allow manual 
determination of the resolution, i.e., the horizontal axis must be a calibrated 
mass scale (amu or ppm per division).  The result of the peak width 
measurement (performed at 5 percent of the maximum, which corresponds to 
the 10-percent valley definition) must appear on the hard copy and cannot 
exceed 100 ppm at m/z 380.9760 (or 0.038 amu at that particular mass). 

10.3. Performance Checks 

10.3.1. At the beginning of each 12-hour period during which samples are to be 
analyzed, aliquots of the 1) GC column performance check solution and 2) 
high-resolution concentration calibration solution No. 4 (HRCC-4) shall be 
analyzed to demonstrate adequate GC resolution and sensitivity, response 
factor reproducibility, and mass range calibration, and to establish the 
PCDD/PCDF retention time windows.  (Note: A HRCC-3 or HRCC-5 may be 
acquired to meet the requirement of #2 above.  This is to provide 
documentation of consistency for varying concentration levels, and to meet 
NELAC requirements).  A mass resolution check shall also be performed to 
demonstrate adequate mass resolution using an appropriate reference 
compound (PFK is recommended).  If the required criteria are not met, 
remedial action must be taken before any samples are analyzed.  The mass 
resolution check will be taken at the beginning and completion of an 
analytical sequence.  An analytical sequence may contain one or more 12 hour 
periods. 

10.3.1.1. Method blanks or solvent blanks are used to demonstrate that the 
analytical system is free of contamination after the analysis of 
calibration standards or high level samples.  The blank must 
demonstrate that the system has returned to appropriate background 
levels prior to continued analysis. 

10.3.2. At a minimum, the ions listed in Table 6 for each of the five SIM descriptors 
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must be monitored.  Note that the PeCDF masses (M+2 & M+4) are also 
monitored in the first descriptor.  This is because the first PeCDF isomer 
elutes closely to the final tetra isomer.  The selection (Table 6) of the 
molecular ions M and M+2 for 13C-HxCDF and 13C-HpCDF rather than M+2 
and M+4 (for consistency) is to eliminate, even under high-resolution mass 
spectrometric conditions, interferences occurring in these two ion channels for 
samples containing high levels of native HxCDDs and HpCDDs.  It is 
important to maintain the same set of ions for both calibration and sample 
extract analyses.  The recommended mass spectrometer tuning conditions are 
based on the groups of monitored ions shown in Table 6. 

10.3.2.1. The GC column performance check mixture, high-resolution 
concentration calibration solutions, and the sample fortification 
solutions may be obtained from the EMSL-CIN.  However, if not 
available from the EMSL-CIN, standards can be obtained from other 
sources, and solutions can be prepared in the laboratory.  
Concentrations of all solutions containing 2,3,7,8-substituted native 
PCDDs/PCDFs, must be verified by comparison with second-source 
standard solutions. 

10.4. Initial Calibration 

Initial calibration is required before any samples are analyzed for PCDDs and PCDFs.  
Initial calibration is also required if any routine calibration (Section 10.5) does not 
meet the required criteria listed in Section 10.6. 

10.4.1. Five high-resolution concentration calibration solutions, listed in Table 5, 
must be used for the initial calibration. 

10.4.2. Tune the instrument with PFK. 

10.4.3. Inject 1 or 2 μL of the GC column performance check solution and acquire 
SIM mass spectral data as described earlier in Section 6.1.3.  The total cycle 
time must be ≤ 1 second.  This is analyzed prior to a calibration curve to set 
descriptor windows only and may not otherwise be documented.  The 
laboratory must not analyze samples until it is demonstrated and documented 
that the criterion listed in Section 13.1 is met. 

10.4.3.1. Select the injection volume based upon the expected target analyte 
concentration, or expected matrix interferences. 

10.4.3.2. The same injection volume must be used for all samples, QC, and 
standards.   

10.4.4. By using the same GC and mass spectrometer conditions that produced 
acceptable results with the column performance check solution, analyze a 1 or 
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2-μL portion of each of the five concentration calibration solutions once with 
the following mass spectrometer operating parameter. 

10.4.4.1. The total cycle time for data acquisition must be < 1 second.  The 
total cycle time includes the sum of all dwell times and voltage reset 
times. 

10.4.4.2. Acquire SIM data for all the ions listed in the five descriptors of 
Table 6. 

10.4.4.3. The ratio of integrated ion current for the ions appearing in Table 9 
(homologous series quantification ions) must be within the indicated 
control limits (set for each homologous series). 

10.4.4.4. The ratio of integrated ion current for the ions belonging to the 13C 
labeled isotope dilution analytes and internal standards must be 
within the control limits stipulated in Table 9. 

NOTE:  Section 10.4.3 requires that ion ratios be within the specified control limits 
simultaneously in one run.  It is the laboratory's responsibility to take corrective action 
if the ion abundance ratios are outside the limits. 

10.4.5. For each SICP and for each GC signal corresponding to the elution of a target 
analyte and of its labeled standards, the signal-to-noise ratio (S/N) must be 
better than or equal to 10.  This measurement is suggested for any GC peak 
that has an apparent S/N of less than 5:1.  The result of the calculation must 
appear on the SICP above the GC peak in question. 

10.4.5.1. Referring to Table 5, calculate the 17 relative response factors (RRF) 
for unlabeled target analytes [RRF(n); n=1 to 17] relative to their 
appropriate isotope dilution analytes (Table 5) and the nine RRFs for 
the labeled 13C isotope dilution analytes [RRF(m); m=18 to 26] 
relative to the two internal standards according to the following 
formulae: 

IDAx

IDAx

AQ
QA

nRRF
×

×
=)(        

ISIDA

ISIDA

AQ
QA

mRRF
×
×

=)(  

 Where: 

Ax    = sum of the integrated ion abundances of the quantitation 
ions (Tables 6 and 5) for unlabeled PCDDs/PCDFs, 

AIDA = sum of the integrated ion abundances of the quantitation 
ions (Tables 6 and 5) for the labeled isotope dilution 
analytes, 

AIS = sum of the integrated ion abundances of the quantitation 
ions (Tables 6 and 10) for the labeled internal standards, 

QIDA = quantity of the isotope dilution analyte injected (pg), 
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QIS = quantity of the internal standard injected (pg), and 

Qx = quantity of the unlabeled PCDD/PCDF analyte injected 
(pg). 

The RRF (n) and RRF (m) are dimensionless quantities; the units used to 
express QIDA, QIS, and Qx must be the same. 

10.4.5.2. Calculate the RRF(n)s and their respective percent relative standard 
deviations (%RSD) for the five calibration solutions: 

∑
=

=
5

1

)()5
1()(

j
j nRRFnRRF  

Where n represents a particular PCDD/PCDF (2,3,7,8-substituted) 
congener (n = 1 to 17; Table 5), and j is the injection number (or 
calibration solution number; j = 1 to 5). 

10.4.5.3. The relative response factors to be used for the determination of the 
concentration of total isomers in a homologous series are calculated 
as follows: 

10.4.5.3.1. For congeners that belong to a homologous series 
containing only one isomer (e.g., OCDD and OCDF) 
or only one 2,3,7,8-substituted isomer (Table 4; 
TCDD, PeCDD, HpCDD, and TCDF), the mean RRF 
used will be the same as the mean RRF determined in 
Section 10.3.5.2. 

NOTE:   The calibration solutions do not contain 13C-OCDF as an isotope dilution 
analyte.  This is because a minimum resolving power of 12,000 is required to resolve 
the [M+6]+ ion of 13C-OCDF from the [M+2]+ ion of OCDD (and [M+4]+ from 13C-
OCDF with [M]+ of OCDD).  Therefore, the RRF for OCDF is calculated relative to 
13C-OCDD. 

10.4.5.3.2. For congeners that belong to a homologous series 
containing more than one 2,3,7,8-substituted isomer 
(Table 4), the mean RRF used for those homologous 
series will be the mean of the RRFs calculated for all 
individual 2,3,7,8-substituted congeners using the 
equation below: 

∑
=

=
t

n
nRRFtkRRF

1

)1()(  

Where: 
 k = 27 to 30, with 27 = PeCDF;  

                  28 = HxCDF; 29 = HxCDD; and 30 = HpCDF, 
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 t = total number of 2,3,7,8-substituted isomers present in 
the calibration solutions (Table 5) for each homologous 
series (e.g., two for PeCDF, four for HxCDF, three for 
HxCDD, two for HpCDF). 

NOTE:  Presumably, the HRGC/HRMS response factors of different isomers within a 
homologous series are different.  However, this analytical protocol will make the 
assumption that the HRGC/HRMS responses of all isomers in a homologous series that 
do not have the 2,3,7,8-substitution patterns are the same as the responses of one or 
more of the 2,3,7,8-substituted isomer(s) in that homologous series. 

10.4.5.4. Relative response factors [RRF(m)] to be used for the determination 
of the percent recoveries for the nine isotope dilution analytes are 
calculated as follows: 

IS
m
IDA

IS
m
IDA
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×
×
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=
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Where: 
m    =   18 to 26 (congener type)  

j     =  1 to 5 (injection number),    

AIDA
m =    sum of the integrated ion abundances of the 

quantitation ions (Tables 6 and 10) for a given 
isotope dilution analyte (m = 18 to 26), 

AIDA  =    sum of the integrated ion abundances of the 
quantitation ions (Tables 6 and 10) for a given 
isotope dilution analyte (m = 18 to 26), 

QIDA & QIDA
m = quantities of, respectively, the internal  standard 

(rs) and a particular isotope dilution analyte (m) 
injected (pg), 

 RRF(m) = relative response factor of a particular isotope 
dilution analyte (m) relative to an appropriate 
internal standard, as determined from one 
injection, and 

____ 
RRF(m) =          calculated mean relative response factor of a 

particular isotope dilution analyte, as determined 
from the five initial calibration injections (j). 

10.5. Criteria for acceptable calibration 
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The criteria listed below for acceptable calibration must be met before sample analysis 
is performed. 

10.5.1. The percent relative standard deviations for the mean response factors 
[RRF(n) and RRF(m)] from the 17 unlabeled  standards must be ≤ 20 percent, 
and those for the nine labeled reference compounds must be ≤ 30 percent. 

Note: If Method 8290A criteria are required for the project then both the percent 
standard relative standard deviation for the mean response factors for the 17 
unlabeled standards and the nine labeled reference compounds must be ≤ 20 percent. 

10.5.2. The signal/noise ratio (S/N) for the GC signals present in every SICP 
(including the ones for the labeled standards) must be ≥ 10. 

10.5.3. The isotopic ratios (Table 9) must be within the specified control limits. 

NOTE:   If the criterion for acceptable calibration listed in Section 10.4.1 is met, the 
analyte-specific RRF can then be considered independent of the analyte quantity for 
the calibration concentration range.  The mean RRFs will be used for all calculations 
until the routine calibration criteria (Section 10.6) are no longer met.  At such time, 
new mean RRFs will be calculated from a new set of injections of the calibration 
solutions. 

10.6. Routine Calibration (continuing calibration check) 

Routine calibrations must be performed at the beginning of (following a successful 
tune and GC column performance check) and after a 12 hour period.  The routine 
calibration initiates the 12 hour clock during which samples may be subsequently 
analyzed.  The last sample in the sequence must be injected within 12 hours of the 
routine calibration, followed by the analysis of a closing calibration check.  An 
acceptable closing calibration check standard may be used to initiate the next 12 hour 
analysis sequence when consecutive acquisition sequences occur.  The ending mass 
resolution check shall be performed after the closing calibration check of an analysis 
acquisition sequence or after the final bracketing standard when consecutive 12 hour 
acquisition sequences are run. 

10.6.1. Inject 1 or 2 μL of the concentration calibration solution HRCC-4 containing 
10 pg/μL of tetrachlorinated congeners, 50 pg/μL of penta-, hexa-, and 
heptachlorinated congeners, 100 pg/μL of octachlorinated congeners, and the 
respective isotope dilution analyte and internal standards (Table 5).  By using 
the same HRGC/HRMS conditions as used in Sections 6.1.3 through 6.2, 
determine and document an acceptable calibration as provided in Section 10.6.   

10.7. Criteria for Acceptable Routine Calibration 

The following criteria must be met before further analysis is performed.  If these 
criteria are not met, corrective action must be taken, including recalibration if needed. 
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10.7.1. The measured RRFs [RRF(n)] for the unlabeled standards obtained during the 
opening continuing calibration must be ± 20 percent of the mean values 
established during the initial calibration (Section 10.3.5.) 

10.7.1.1. The bracketing continuing calibration must be ± 20% of the average 
RRF calculated from the initial calibration.  

10.7.1.1.1. If the target compounds in the ending standard are less 
than or equal to ± 20% of the average RRF from the 
initial calibration, the RRFs of the initial calibration 
shall be used to quantitate the unlabeled isomers.   

10.7.1.1.2. If the target analytes are greater than ± 20% but less or 
equal to ±25% and the samples are non-detect, the data 
is acceptable and this anomaly is documented.  If these 
isomers are greater than ± 20% but less or equal to 
±25% and are positive, an average RRF of the initial 
and ending daily standard is calculated and used to 
quantitate the concentration of the affected congener, 
and the anomaly is documented.   

10.7.1.1.3. If the percent deviation of unlabeled compounds 
exceeds ± 25%, a new initial calibration is initiated 
within 2 hours following the analysis of the samples.  
Otherwise, reanalyze all sample extracts with positives 
for the failed target compounds. 

10.7.2. The measured RRFs [RRF(m)] for the labeled standards obtained during the 
opening continuing calibration must be less than or equal to ± 30 percent of 
the mean values established during the initial calibration (Section 10.1.5). 

10.7.2.1. The bracketing continuing calibration must be ± 30% of the average 
RRF calculated from the initial calibration.  

10.7.2.1.1. If the labelled compounds in the ending standard are 
less than or equal to ±30% of the average RRF from 
the initial calibration, the RRFs of the initial 
calibration shall be used to quantitate the labeled 
isomers.   

10.7.2.1.2. If the isotope dilution analyte analytes are greater than 
± 30% but less or equal to ±35%, an average RRF of 
the initial and ending daily standards is calculated and 
used to quantitate the concentration of the affected 
congener. 
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10.7.2.1.3. If the percent deviation of labeled compounds exceeds 
± 35%, reanalyze samples if adversely impacted. 

10.7.3. The ion-abundance ratios (Table 9) must be within the allowed control limits. 

10.7.4. If either criteria in Sections 10.7.1 or 10.7.2 are not met, additional samples 
may not be analyzed.  Sample data collected must be evaluated for usability.  
Narrate any reported data from the analytical sequence.  If the ion-abundance 
ratio criterion is not satisfied, refer to the note in Section 10.4.3 for resolution. 

10.7.5. If the above criteria (Section 10.7) cannot be satisfied, the entire initial 
calibration process (Section 10.4) must be repeated. 

11. PROCEDURE  

11.1. Procedural Variations 

Procedural variations are allowed only if deemed necessary in the professional 
judgment of the supervisor to accommodate variation in sample matrix, radioactivity, 
chemistry, sample size, or other parameters.  Any variation in procedure shall be 
completely documented using a Nonconformance memo and approved by a supervisor 
and QA/QC manager.  If contractually required, the client will be notified. The 
Nonconformance memo will be filed in the project file. 

Any deviations from this procedure identified after the work has been completed must 
be documented as a nonconformance, with a cause and corrective action described.  A 
Nonconformance memo shall be used for this documentation. 

11.2. Sample Dilution Procedure – Simple Dilutions 

Dilutions from 2X to 50X can be achieved without respiking the final extract.  The 
calculation to determine the final extract concentration is as follows: 

(Concentration of the original extract) x (amount of aliquot taken) x (volume 
of diluted extract) = final concentration of dilution. 

  
Ex:  50X dilution of original 10 g/20 μL sample 

(10 g/20 μL) x (2 μL aliquot + 98 μL keeper) = 1 g/100 μL FV 

Record the final sample concentration on the extract label. 

11.3. Sample Dilution Procedure – Complex Dilutions 

Complex dilution requiring respiking of IDA and IS:  Dilutions greater than 50x must 
be done by diluting and respiking the extract with IDA’s and IS.  This procedure may 
require serial dilution to be performed.  If this procedure is done, then the sample size 
must be adjusted to reflect the aliquot taken. 

Ex. 100X dilution (original sample with 10 g/20 μL final volume) 



SOP No. WS-ID-0005, Rev. 7.5
Effective Date: 04/19/2013  

Page No.: 23 of 50
 

Company Confidential & Proprietary 

Take a 2 μL aliquot (1/10 of original sample) and add 18 μL of solvent 
keeper.  Take a 2 μL aliquot of the dilution (1/100 of the original sample), 
respike with 1 mL IDA and 20 μL IS, reduced to 20 μL FV. 

Record the final sample concentration of the extract label.   

11.4. Analytical Procedures 

11.4.1. Inject a 1 or 2 μL aliquot of the extract into the GC, operated under the 
conditions previously used (Section 6.2) to produce acceptable results with the 
performance check solution. 

11.4.2. Acquire SIM data according to Section 6.1.3.  Use the same acquisition and 
mass spectrometer operating conditions previously used to determine the 
relative response factors (Section 10).  Ions characteristic for polychlorinated 
diphenyl ethers are included in the descriptors listed in Table 6.  Their 
presence is used to monitor their interference during the characterization of 
PCDFs. 

12. CALCULATIONS/DATA REDUCTION 

12.1. Identification Criteria 

For a gas chromatographic peak to be identified as a PCDD or PCDF, it must meet all 
of the following criteria: 

12.1.1. Retention Times 

12.1.1.1. For 2,3,7,8-substituted congeners, which have an isotopically labeled 
isotope dilution analyte or internal standard present in the sample 
extract, the retention time (at maximum peak height) of the sample 
components (i.e., the two ions used for quantitation purposes listed in 
Table 6) must be within -1 and +3 seconds of the retention time of  
the peak for the isotopically labeled isotope dilution analyte or 
internal standard at m/z corresponding to the first characteristic ion 
(of the set of two; Table 6) to obtain a positive identification of these 
nine 2,3,7,8-substituted PCDDs/PCDFs and OCDD. 

12.1.1.2. For 2,3,7,8-substituted compounds that do not have an isotopically 
labeled isotope dilution analyte present in the sample extract, the 
relative retention time (relative to the appropriate isotope dilution 
analyte) must fall within 0.005 relative retention time units of the 
relative retention times measured in the daily routine calibration.  
Identification of OCDF is based on its retention time relative to 13C-
OCDD as determined from the daily routine calibration results. 
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12.1.1.3. For non-2,3,7,8-substituted compounds (tetra through octa; totaling 
119 congeners), the  retention time must be within the corresponding 
homologous retention time windows established by analyzing the 
column performance check solution.  

12.1.1.4. The ion current responses for both ions used for quantitative 
purposes (e.g., for TCDDs: m/z 319.8965 and 321.8936) must reach 
a maximum simultaneously (± 2 seconds). 

12.1.1.5. The ion current responses for both ions used for the labeled standards 
(e.g., for 13C-TCDD: m/z 331.9368 and m/z 333.9339) must reach a 
maximum simultaneously (± 2 seconds). 

12.1.2. Ion Abundance Ratios 

The integrated ion current for the two ions used for quantitation purposes must 
have a ratio between the lower and upper limits established for the 
homologous series to which the peak is assigned.  See Table 9. 

12.1.3. Signal-To-Noise Ratio 

All ion current intensities must be >2.5 times noise level for positive 
identification of the PCDD/PCDF compound or a group of coeluting isomers.  
Figure 4 describes the procedure to be followed for the determination of the 
S/N. 

12.1.4. Polychlorinated Diphenyl Ether Interferences 

In addition to the above criteria, the identification of a GC peak as a PCDF 
can only be made if no signal having a S/N >2.5 is detected, at the same 
retention time (± 2 seconds), in the corresponding polychlorinated diphenyl 
ether (PCDPE, Table 6) channel.  

12.2. For gas chromatographic peaks that have met the criteria outlined above, calculate the 
concentration of the PCDD or PCDF compounds using the formula: 

)(nRRFWA
QA

C
IDA

IDAx
x ××

×
=  

Where: 

Cx  = concentration of unlabeled PCDD/PCDF congeners (or group of 
coeluting isomers within an homologous series) usually in pg/g or 
pg/L, 

Ax  = sum of the integrated ion abundances of the quantitation ions (Table 6) 
for the unlabeled PCDD/PCDFs, 

AIDA    = sum of the integrated ion abundances of the quantitation ions (Table 6) 
for the labeled isotope dilution analytes, 
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QIDA = quantity, in pg, of the isotope dilution analyte added to the sample 
before extraction, 

W   = sample size in g (if solid) or L (if liquid). 
                          RRF(n) =    Calculated mean relative response factor for the analyte              

 [RRF(n) with n = 1 to 17; Section 10.3.5]. 

If the analyte is identified as one of the 2,3,7,8-substituted PCDDs or PCDFs, 
RRF(n) is the value calculated using the equation in Section 10.3.5.1.  
However, if it is a non-2,3,7,8-substituted congener, the RRF(k) value is the 
one calculated using the equation in Section 10.3.5.3.2 [RRF(k) with k = 27 to 
30]. 

12.3. Calculate the percent recovery of the nine isotope dilution analytes measured in the 
sample extract, using the formula: 

100
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××
×

=
mRRFAQ

QA
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Where: 

AIDA = sum of the integrated ion abundances of the quantitation ions (Table 6) for the 
labeled isotope dilution analytes, 

AIS = sum of the integrated ion abundances of the quantitation ions (Table 6) for the 
labeled internal standard; the selection of the internal standard depends on the 
type of congeners (see Table 5, footnotes), 

QIDA = Quantity, in pg, of the isotope dilution analyte added to the sample before 
extraction, 

QIS = Quantity, in pg, of the internal standard added to the cleaned-up sample residue 
before HRGC/HRMS analysis, and 

RRF(m) = calculated mean relative response factor for the labeled isotope dilution 
analyte relative to the appropriate (see Table 5, footnotes) internal standard.  
This represents the mean obtained in Section 10.3.5.4 [RRF(m) with m = 18 to 
26]. 

12.4. If the concentration in the final extract of any of the fifteen 2,3,7,8-substituted 
PCDD/PCDF compounds (Table 3) exceeds the upper method calibration limit (MCL) 
for that compound listed in Table 1, the linear range of response versus concentration 
may have been exceeded.  In such cases, the following corrective actions will be 
undertaken: 

12.4.1. If the signal for the analyte has saturated the detector, a single dilution and 
reanalysis of the extract will be made in an attempt to bring the signal within 
the range of the detector.  If the measured concentration of the analyte is still 
above the MCL, the reported concentration for the analyte will be qualified 
appropriately.  Some programs, such as DOD QSM, require all compounds to 
be within the linear calibration range in which a serial dilution must be 
performed to achieve acceptable quantitation. 
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12.4.2. If the signal for the analyte is above the MCL but does not saturate the 
detector, the concentration will be reported and qualified appropriately.  Some 
programs, such as DOD QSM, require all compounds to be within the linear 
calibration range in which a serial dilution must be performed to achieve 
acceptable quantitation. 

12.5. In either case, with the approval of the client, the sample may be re-extracted and/or 
re-analyzed with one or more of the following adjustments made to the analytical 
procedure in order to provide a concentration which meets client-specific data quality 
objectives. 

12.5.1. Extraction and analysis of a one tenth aliquot.  This is appropriate if it will 
provide analyte concentration within the MCL and a representative sample 
aliquot. 

12.5.2. Extraction of an aliquot large enough to be representative with an increased 
concentration of isotope dilution analyte and surrogate spike components 
added prior to the extraction.  The extract is then diluted either prior to or after 
the cleanup procedures. 

12.5.3. Dilution of the original extract.  Isotope dilution analyte components are re-
spiked at an appropriate level prior to analysis.  In this case, the isotope 
dilution analyte recoveries are taken from the original analysis. 

12.6. For the other congeners (including OCDD and OCDF), however, report the measured 
concentration and indicate that the value exceeds the upper calibration standard. 

12.7. The total concentration for each homologous series of PCDD and PCDF is calculated 
by summing up the concentrations of all positively identified isomers of each 
homologous series.  Therefore, the total should also include the 2,3,7,8-substituted 
congeners.  The total number of GC signals included in the homologous total 
concentration value may be specified in the report. 

12.8. Sample-Specific Estimated Detection Limit 

The sample-specific estimated detection limit (EDL) or estimated quantiation limit 
(EQL, 8290A) is the concentration of a given analyte required to produce a signal with 
a peak height of at least 2.5 times the background signal level.  An EDL/EQL is 
calculated for each 2,3,7,8-substituted congener that is not identified, regardless of 
whether or not other non-2,3,7,8-substituted isomers are present.  Two methods of 
calculation can be used, as follows, depending on the type of response produced during 
the analysis of a particular sample. 

12.8.1. Samples giving a response for both quantitation ions (Tables 6 and 9) that is 
less than 2.5 times the background level. 
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Use the expression for EDL/EQL (specific 2,3,7,8-substituted PCDD/PCDF) 
below to calculate an EDL/EQL for each absent 2,3,7,8-substituted 
PCDD/PCDF (i.e., S/N <2.5).  The background level is determined by 
measuring the range of the noise (peak to peak) for the two quantitation ions 
(Table 6) of a particular 2,3,7,8-substituted isomer within an homologous 
series, in the region of the SICP trace corresponding to the elution of the 
isotope dilution analyte (if the congener possesses an isotope dilution analyte) 
or in the region of the SICP where the congener is expected to elute by 
comparison with the routine calibration data (for those congeners that do not 
have a 13C-labeled standard), multiplying that noise height by 2.5, and relating 
the product to an estimated concentration that would produce that product 
height. 

NOTE: The quantitation ions for both the unlabeled PCDDs/PCDFs and their 
isotope dilution analyte must be consistently paired (using either both lighter 
mass ions or both heavier mass ions). 
 
Use the formula: 

)(

5.2
/.8,7,3,2 nRRFWH

QHEDL
IDA

IDAx
PCDFPCDDsubstSpecific ××

××
=−  

 
Where: 

EDL =      estimated detection limit for homologous 2,3,7,8-substituted 
PCDDs/PCDFs. (also EQL for Method 8290A) 

Hx  =      height of the average noise for one of the quantitation ions 
(Table 6) for the unlabeled PCDDs/PCDFs. 

HIDA = height of one of the quantitation ions (Table 6) for the labeled 
isotope dilution analytes. 

W, RRF (n), and QIDA retain the same meanings as defined in Section 
12.2 

12.8.2. Samples characterized by a response above the background level with a S/N 
of at least 2.5 for at least one of the quantitation ions (Tables 6 and 9). 

When the response of a signal having the same retention times as a 2,3,7,8-
substituted congener has a S/N in excess of 2.5 and does not meet any of the 
other qualitative identification criteria listed in Section 12.1, calculate the 
“Estimated Maximum Possible Concentration” (EMPC) according to the 
expression shown in Section 12.1, except that Ax in Section 12.1 should 
represent the sum of the area under the smaller peak and of the other peak area 
calculated using the theoretical chlorine isotope ratio.  Alternatively, an 
EDLEQL can be calculated using the above formula and the height of one of 
the ions as appropriate. 
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12.9. The relative percent difference (RPD) is calculated as follows: 

100

2
)( 21

21 ×
+
−

=
SS
SS

RPD  

 
S1 and S2 represent sample and duplicate sample results. 

12.10. The 2,3,7,8-TCDD toxic equivalents (TEQ) of PCDDs and PCDFs present in the 
sample are calculated at the data user's request.  This method assigns a 2,3,7,8-TCDD 
toxicity equivalency factor (TEF) to each of the seventeen 2,3,7,8-substituted PCDDs 
and PCDFs (Table 10).  The 2,3,7,8-TCDD equivalent of the PCDDs and PCDFs 
present in the sample is calculated by summing the TEF times their concentration for 
each of the compounds or groups of compounds listed in Table 10.   

12.11. Two-GC Column TEF Determination 

12.11.1. The concentration of 2,3,7,8-TCDD (see note below), is calculated from the 
analysis of the sample extract on the 60m DB-5 fused silica capillary column.  
The chromatographic separation of this isomer must be < 25% valley. 

12.11.2. For samples that have a positive result for 2,3,7,8-TCDF on the DB-5 column, 
the extract is reanalyzed on a 30m DB-225 fused silica column.  The GC/MS 
conditions are altered so that only the first descriptor (Table 6) is used.  The 
reported concentration for 2,3,7,8-TCDF is then the result above the lower 
calibration limit is calculated from the DB-225 analysis.  The 
chromatographic separation between 2,3,7,8-TCDF and any other unlabeled 
TCDF isomers must be < 25% valley using the column performance check 
solution for the DB-225 column.  Concentration calculations are performed as 
in Section 12.1 through 12.6.     

12.11.3. A DB-225 column can be used in the quantitative analysis of 2,3,7,8-TCDF 
and 2,3,7,8-TCDD analytes.  Since the DB-225 cannot resolve 2,3,7,8-TCDD 
any positively identified 2,3,7,8-TCDD which exceeds the reporting limit 
shall be confirmed on a DB-5 column. 

12.11.4. For a gas chromatographic peak to be identified as a 2,3,7,8-substituted 
PCDD/PCDF congener, it must meet the ion abundance (Section 11.5.4) and 
signal-to-noise ratio criteria.  In addition, the retention time identification 
criterion described in Section 11.5.4 applies here for congeners for which a 
carbon-labeled analog is available in the sample extract.  However, the 
relative retention time (RRT) of the 2,3,7,8-substituted congeners for which 
no carbon-labeled analogs are available must fall within 0.006 units of the 
carbon-labeled standard RRT.  Experimentally, this is accomplished by using 
the attributions described in Table 11 and the results from the routine 
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calibration run on the DB-5 column.   

13. METHOD PERFORMANCE  

13.1. The group/team leader has the responsibility to ensure that this procedure is performed 
by an associate who has been properly trained in its use and has the required expertise. 

13.2. Method Detection Limit 

The laboratory must generate a valid method detection limit for each analyte of interest.  
The MDL must be below the reporting limit for each analyte.  The procedure for 
determination of the method detection limit is given in 40 CFR Part 136, Appendix B, 
and further defined in SOP WS-QA-0006.  MDLs are available in the Quality 
Assurance Department. 

13.3. Initial Demonstration 

The laboratory must make an initial demonstration of capability for each individual 
method.  Demonstration of capability for both soil and water matrices is required.  This 
requires analysis of QC check samples containing all of the standard analytes for the 
method.  For some tests it may be necessary to use more than one QC check mix to 
cover all analytes of interest. 

13.3.1. Four aliquots of the QC check sample are analyzed using the same procedures 
used to analyze samples, including sample preparation.  The concentration of 
the QC check sample should be less than or equivalent to the LCS samples. 

13.3.2. Calculate the average recovery and standard deviation of the recovery for each 
analyte of interest.  Compare these to the laboratory generated QC Limits. 

13.4. If any analyte does not meet the acceptance criteria the test must be repeated.  Only 
those analytes that did not meet criteria in the first test need to be evaluated.  Repeated 
failure for any analyte indicates the need for the laboratory to evaluate the analytical 
procedure and take corrective action. 

It must be documented that all applicable system performance criteria specified were met 
before analysis of any sample is performed.  Table 7 provides recommended GC conditions 
that can be used to satisfy the required criteria.  A GC column performance check is only 
required at the beginning of each 12-hour period during which samples are analyzed. 

13.5. GC Column Performance 

13.5.1. Inject 1 or 2 μL of the column performance check solution and acquire 
selected ion monitoring (SIM) data as described in Section 6.1.3 within a total 
cycle time of < 1 second.  

13.5.2. The chromatographic separation between 2,3,7,8-TCDD and the peaks 
representing any other TCDD isomers must be resolved with a valley of < 25 
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percent (Figure 2),  

Where: 

  100)(PercentValley ×= y
x   

 x = measured as in Figure 2 from the 2,3,7,8-closest TCDD eluting 
isomer, 

 y = the peak height of 2,3,7,8-TCDD  

13.5.3. It is the responsibility of the laboratory to verify the conditions suitable for the 
appropriate resolution of 2,3,7,8-TCDD from all other TCDD isomers.  The 
GC column performance check solution also contains the known first and last 
PCDD/PCDF eluters under the conditions specified in this protocol.  Their 
retention times are used for qualitative and quantitative purposes.  The peak 
for 2,3,7,8-TCDD must be labeled on the chromatograms.  The 
chromatograms showing the first and last eluters of a homologous series must 
be included. 

13.5.4. The retention times for the switching of SIM ions characteristic of one 
homologous series to the next higher homologous series must be indicated in 
the SICP.  Accurate switching at the appropriate times is absolutely necessary 
for accurate monitoring of these compounds. 

14. POLLUTION CONTROL 

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize 
waste generated (i.e., examine recycling options, ordering chemicals based on quantity needed, 
preparation of reagents based on anticipated usage and reagent stability).  Employees must 
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual 
(CW-E-M-001) for “Waste Management and Pollution Prevention.” 

15. WASTE MANAGEMENT 

Waste management practices are conducted consistent with all applicable rules and regulations.  
Excess reagents, samples and method process wastes are disposed of in an accepted manner.  
Waste description rules and land disposal restrictions are followed.  Waste disposal procedures 
are incorporated by reference to SOP WS-EHS-0001.  The following waste streams are 
produced when this method is carried out. 

15.1. Autovials containing assorted solvents and extracts.  As the autovials are removed from 
the instrument after analysis, they are collected in archive boxes and retained pending 
additional instructions.  When no longer needed, the archive boxes are moved to the 
waste disposal area for disposal as PCB waste.   
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16. REFERENCES/CROSS REFERENCES 

16.1. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update III.  Method 
8290 Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 
(PCDFs) by high-Resolution Mass Spectrometry September 1994. 

16.2. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update IV.  Method 
8290A Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 
(PCDFs) by high-Resolution Mass Spectrometry February 2007. 

16.3. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update III.  Method 
0023A, Sampling Method for Polychlorinated Dibenzo-p-dioxins and Polychlorinated 
Dibenzofurans Emissions from Stationary Sources.  December 1996. 

16.4. Compendium Method TO-9A “Determination of Polychlorinated, Polybrominated, and 
Brominated, Cholorinated Dibenxo-p-dioxins and Dibenzofurans in Ambient Air”, 
EPA compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air, second edition, January 1997. 

16.5. Protocol for the Analysis of 2,3,7,8-TCDD by HRGC/HRMS".  J. S. Stanley and T. M. 
Sack, EPA 600/4-86-004. 

16.6. “Safety in Academic Chemistry Laboratories", American Chemical Society 
Publication, Committee on Chemical Safety (3rd Edition, 1979.) 

16.7. “Carcinogens - Working with Carcinogens".  Department of Health, Education, and 
Welfare, Public Health Service, Center for Disease Control.  National Institute for 
Occupational Safety and Health.  Publication No. 77-206, August 1977. 

16.8. "OSHA Safety and Health Standards, General Industry", (29 CFR 1910) Occupational 
Safety and Health Administration, OSHA 2206 (revised January 1976). 

17. METHOD MODIFICATIONS 

17.1. Modifications from EPA 8290 and EPA 8290A 

17.1.1. The methods specify that 2 μL injections are used throughout the analysis.  If 
an instrument demonstrates adequate sensitivity and chromatographic 
resolution, then the analyst may use 1 μL injections for all performance 
checks, standards, QC samples, and samples. 

17.1.2. In Section 2.7 of Method 8290 and 8290A, a retention time window of 0.005 
RT units is used to tentatively identify unlabeled PCDD/PCDFs for which 
there are no corresponding labeled isotope dilution analytes.  All available 
labeled isotope dilution analytes are used; therefore, a retention time window 
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of -1 to +3 seconds is used to identify all compounds.  See Section 7.8.4.1 of 
Method 8290 and 7.9 of Method 8290A. 

17.1.3. Tetradecane instead of nonane is used as the final solvent to increase the 
stability of extracts and standards.  Tetradecane is less volatile than nonane.  
Loss of analyte as a result of  solvent incompatibility is monitored through 
recovery checks and calibration acceptance criteria.  

17.2. Modifications from TO-9A method 

17.2.1. The 37Cl-2,3,7,8-TCDD surrogate is present at varying levels in the calibration 
curve (0.5-200 pg/ μL). 

17.2.2. The laboratory uses 2 labeled internal standards for the quantitation of labeled 
isotope dilution analytes. 

17.2.3. The final volume is adjusted to 20 μL in tetradecane. 

17.2.4. Calibration and quantitation are performed in accordance to this SOP. 

18. ATTACHMENTS 

18.1. Table 1 - Types of Matrices 

18.2. Table 2 - Composition of the Sample Fortification and Internal Standard Solutions. 

18.3. Table 3 - The Fifteen 2,3,7,8-Substituted PCDD and PCDF Congeners 

18.4. Table 4 - Isomers of Chlorinated Dioxins and Furans 

18.5. Table 5 - Concentrations of Calibration Solutions 

18.6. Table 6 - Ions Monitored for PCDDs/PCDFs 

18.7. Table 7 - Recommended GC Operating Conditions 

18.8. Table 8 - Congeners in the GC Performance Evaluation Solution (DB-5) 

18.9. Table 9 - Theoretical Ion Abundance Ratios and Control Limits 

18.10. Table 10 - 2,3,7,8-TCDD Equivalent Factors 

18.11. Table 11 - TEF:  Analyte Relative Retention Time Reference Attributes 

18.12. Figure 1 - Compound Structure 
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18.13. Figure 2 - GC Performance Check Chromatogram on the DB-5 Column 

18.14. Figure 3 - PFK Peak Profile 

18.15. Figure 4 - Manual Determination of Signal-to-Noise 

18.16. Appendix A - Periodic Wipe Test Performance 

19. REVISION HISTORY 

19.1. WS-ID-0005, Revision 7.5, Effective 04/19/2013 

19.1.1. Replaced all instances of ‘internal standard’ with isotope dilution analyte’ and 
all instances of ‘recovery standard’ with ‘internal standard’ to conform with 
TALS naming guidelines. 

19.1.2. Editorial revisions.  

19.2. WS-ID-0005, Revision 7.4, Effective 01/14/2011. 

19.2.1. Editorial revisions. 

19.3. WS-ID-0005, Revision 7.3, Effective 12/30/2009 

19.3.1. Editorial revisions. 

19.4. WS-ID-0005, Revision 7.2, Effective 11/02/2009 

19.4.1. Section 6.1: Inserted “Preventive and routine maintenance is described in the 
‘Schedule of Routine Maintenance’ in the QAM.” 

19.4.2. Section 12.1.2: Removed the word "presumptive" and inserted "above the 
lower calibration limit" after the word result. 
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TABLE 1 
 

Types of Matrices, Sample Sizes and 2,3,7,8-TCDD-Based  
Method Calibration Limits (Parts per Trillion) 

 
 Water Soil 

Sediment 
Paper 
Pulp 

Fly 
Ash 

Human/ 
Fish 

Tissue 

Adipose 
Tissue 

Sludges, 
Fuel Oil 

Still-
Bottom 

Ambient 
or Source 
Samples 

Lower MCL(a) 0.01 1.0 2.0 1.0 2.0 10 20 40 

Upper MCL(a) 4.0 400 400 400 400 2000 4000 8000 

Weight (g) 1000 10 10 10 10 2.0 1.0 1 sample 

  

IDA Spiking Levels 
(ng) 

2.0 2.0 2.0 2.0 2.0 2.0 2.0 4.0 

  

Final Extract 
Volume (μL) 

20 20 20 20 20 20 20 20 

 
(a) For other congeners, multiply the values by 1 for TCDF, by 5 for 
PeCDD/PeCDF/HxCDD/HxCDF/HpCDD/HpCDF, and by 10 for OCDD/OCDF. 
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TABLE 2 

 
Composition of the Sample Fortification  

and Internal Standard Solutions 
 

  
Analyte Sample Fortification Solution  

Concentration pg/μL;  
Solvent: Isooctane 

Internal Standard Solution  
Concentration pg/μL; 
Solvent: Tetradecane 

13C-2,3,7,8-TCDD 2(a), 100(c) -- 
13C -2,3,7,8-TCDF 2(a), 100(c) -- 
13C -1,2,3,4-TCDD -- 100 
13C -1,2,3,7,8-PeCDD 2(a), 100(c) -- 
13C -1,2,3,7,8-PeCDF 2(a), 100(c) -- 
   
13C -1,2,3,6,7,8-HxCDD 2(a), 100(c) -- 
13C -1,2,3,4,7,8-HxCDF(d) 2(a), 100(c) -- 
13C -1,2,3,7,8,9-HxCDD -- 100 
   
37Cl-2,3,7,8-TCDD(b)(c) 0.8(b),100(c)  
 100(c)  
13C -2,3,4,7,8-PeCDF(c) 100(c)  
13C -1,2,3,6,7,8-HxCDF(c)(d) 100(c)  
13C -1,2,3,4,7,8-HxCDD(c) 100(c)  
13C -1,2,3,4,7,8,9-HpCDD(c) 100(c)  
   
13C -1,2,3,4,6,7,8-HpCDD 2(a), 100(c) -- 
13C -1,2,3,4,6,7,8-HpCDF 2(a), 100(c) -- 
   
13C -OCDD 4(a), 200(c) -- 

(a) Standard 8290, 8290A, Method 23, Method 0023A, TO9 and TO9A Sample Fortification 
Solution concentrations 

(b) Method TO9 and TO9A surrogate concentrations 
(c) Method 23 and Method 0023A surrogate concentrations 
(d) 13C-1,2,3,6,7,8-HxCDF is used as a Sample Fortification Solution and 13C -1,2,3,4,7,8-HxCDF is 

used as a surrogate solution in Method 0023A 
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TABLE 3 
 

The Seventeen  2,3,7,8-Substituted PCDD and PCDF Congeners 
 

PCDD PCDF 

2,3,7,8-TCDD(*) 2,3,7,8-TCDF(*) 

1,2,3,7,8-PeCDD(*) 1,2,3,7,8-PeCDD(*) 

1,2,3,6,7,8-HxCDD(*) 2,3,4,7,8-PeCDF 

1,2,3,4,7,8-HxCDD 1,2,3,6,7,8-HxCDF 

1,2,3,7,8,9-HxCDD(+) 1,2,3,7,8,9-HxCDF 

1,2,3,4,6,7,8-HpCDD(*) 1,2,3,4,7,8-HxCDF(*) 

 1,2,3,4,5,6,7,8-OCDD(*) 2,3,4,6,7,8-HxCDF 

 1,2,3,4,6,7,8-HpCDF(*) 

 1,2,3,4,7,8,9-HpCDF 

  
1,2,3,4,5,6,7,8-OCDF 

                                                                                
(*)The 13C -labeled analog is used as an isotope dilution analyte. 

(+)The 13C -labeled analog is used as a internal standard. 
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TABLE 4 
 

Isomers of Chlorinated Dioxins and Furans as a Function of the Number of Chlorine Atoms 
 

 
# of Chlorine 

Atoms 
# of Dioxin 

Isomers 
# of 2,3,7,8 

Isomers 
# of Furan 

Isomers 
# of 2,3,7,8 

Isomers 
1 2 --- 4 --- 
2 10 --- 16 --- 
3 14 --- 28 --- 
4 22 1 38 1 
5 14 1 28 2 
6 10 3 16 4 
7 2 1 4 2 
8 1 1 1 1 

Total 75 7 135 10 
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TABLE 5 
 

High Resolution Concentration Calibration Solutions 
 

 Compound Concentration (ng/mL) 
RRF 
(n)(m) 

 CS2 CS3 CS4 
(ICV(6)) 

CS5 CS6 

 Native CDDs and CDFs  
1 2,3,7,8-TCDD 0.5 2 10 40 200 
2 2,3,7,8-TCDF 0.5 2 10 40 200 
3 1,2,3,7,8-PeCDD 2.5 10 50 200 1000 
4 1,2,3,7,8-PeCDF 2.5 10 50 200 1000 
5 2,3,4,7,8-PeCDF 2.5 10 50 200 1000 
6 1,2,3,4,7,8-HxCDD 2.5 10 50 200 1000 
7 1,2,3,6,7,8-HxCDD 2.5 10 50 200 1000 
8 1,2,3,7,8,9-HxCDD 2.5 10 50 200 1000 
9 1,2,3,4,7,8-HxCDF 2.5 10 50 200 1000 
10 1,2,3,6,7,8-HxCDF 2.5 10 50 200 1000 
11 1,2,3,7,8,9-HxCDF 2.5 10 50 200 1000 
12 2,3,4,6,7,8-HxCDF 2.5 10 50 200 1000 
13 1,2,3,4,6,7,8-HpCDD 2.5 10 50 200 1000 
14 1,2,3,4,6,7,8-HpCDF 2.5 10 50 200 1000 
15 1,2,3,4,7,8,9-HpCDF 2.5 10 50 200 1000 
16 OCDD 5.0 20 100 400 2000 
17 OCDF 5.0 20 100 400 2000 
 Labeled CDDs and CDFs  

18 13C12-2,3,7,8-TCDD  
 100 100 100 100 100 

19 13C12-2,3,7,8-TCDF 100 100 100 100 100 
20 13C12-1,2,3,7,8-PeCDD 100 100 100 100 100 
21 13C12--1,2,3,7,8-PeCDF      100 100 100 100 100 
 13C12--2,3,4,7,8-PeCDF      100 100 100 100 100 
 13C12--1,2,3,4,7,8-HxCDD   100 100 100 100 100 

22 13C12--1,2,3,6,7,8-HxCDD   100 100 100 100 100 
23 13C12--1,2,3,4,7,8-HxCDF    100 100 100 100 100 
 13C12--1,2,3,6,7,8-HxCDF    100 100 100 100 100 
 13C12--1,2,3,7,8,9-HxCDF    100 100 100 100 100 
 13C12--2,3,4,6,7,8-HxCDF    100 100 100 100 100 

24 13C12--1,2,3,4,6,7,8-
HpCDD      

100 100 100 100 100 

25 13C12--1,2,3,4,6,7,8-
HpCDF      

100 100 100 100 100 

 13C12--1,2,3,4,7,8,9- 100 100 100 100 100 
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 Compound Concentration (ng/mL) 
RRF 
(n)(m) 

 CS2 CS3 CS4 
(ICV(6)) 

CS5 CS6 

HpCDF      
26 13C12--OCDD      200 200 200 200 200 
 Cleanup Standard/ FS  
 37Cl4--2,3,7,8-TCDD      0.5 2 10 40 200 
 Internal Standards  
 13C12--1,2,3,4-TCDD      100 100 100 100 100 
 13C12--1,2,3,7,8,9-HxCDD   100 100 100 100 100 
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TABLE 6* 
Elemental Compositions and Exact Masses of the Ions  

Monitored by HR/MS for PCDD’s and PCDF’s 

 

Descriptor Exact m/z (1) m/z Type Elemental Composition Substance (2) 
1 292.9825 QC C7F11 PFK 
 303.9016 M C12H4 

35Cl4O TCDF 
 305.8987 M+2 C12H4 

35Cl3 
37ClO TCDF 

 315.9419 M 13C12H4 
35Cl4O TCDF (3) 

 317.9389 M+2 13C12H4 
35Cl3 

37ClO TCDF (3) 
 319.8965 M C12H4

35Cl4O2 TCDD 
 321.8936 M+2 C12H4

35Cl3
37ClO2 TCDD 

 327.8847 M C12H4 
37Cl4O2 TCDD (4) 

 330.9792 Lock C7F13 PFK 
 331.9368 M 13C12H4

35Cl4O2 TCDD (3) 
 333.9339 M+2 13C12H4

35Cl3
37ClO2 TCDD (3) 

 339.8597 M+2 C12H3 
35Cl4 

37ClO PeCDF 
 341.8567 M+4 C12H3 

35Cl3 
37ClO PeCDF 

 375.8364 M+2 C12H4
35Cl5

37ClO HxCDPE 
 409.7974 M+2 C12H3 

35Cl6 
37ClO HpCDPE 

2 330.9792 QC C7F13 PFK 
 339.8597 M+2 C12H3

35Cl4
37ClO PeCDF 

 341.8567 M+4 C12H3
35Cl3

37Cl2O PeCDF 
 342.9792 Lock C8F12 PFK 
 351.9000 M+2 13C12H3

35Cl4
37ClO PeCDF 

 353.8970 M+4 13C12H3
35Cl4

37ClO PeCDF (3) 
 354.9792 Lock C9F13 PFK 
 355.8546 M+2 C12H3

35Cl4
37ClO2 PeCDD 

 357.8516 M+4 C12H3
35Cl3

37Cl2O2 PeCDD 
 366.9793 QC C9F13 PFK 
 367.8949 M+2 13C12H3

35Cl4
37ClO2 PeCDD (3) 

 369.8919 M+4 13C12H3
35Cl3

37Cl2O2 PeCDD (3) 
 409.7974 M+2 C12H3

35Cl6
37ClO HpCDPE 

3 373.8208 M+2 C12H2
35Cl5

37ClO HxCDF 
 375.8178 M+4 C12H2

35Cl4
37Cl2O HxCDF 

 380.9760 Lock C8F15
 PFK 

 383.8639 M 13C12H2
35Cl6O HxCDF (3) 

 385.8610 M+2 13C12H2
35Cl5

37ClO HxCDF (3) 
 389.8157 M+2 C12H2

35Cl5
37ClO2 HxCDD 

 391.8127 M+4 C12H2
35Cl4

37Cl2O2 HxCDD 
 392.9760 Lock C9F15 PFK 
 401.8559 M+2 13C12H2

35Cl5
37ClO2 HxCDD (3) 

 403.8529 M+4 13C12H2
35Cl4

37Cl2O2 HxCDD (3) 
 430.9728 QC C9F17 PFK 
 445.7550 M+4 C12H2 

35Cl6 
37Cl2O OCDPE 

4 392.9760 QC C9F15 PFK 
 407.7818 M+2 C12H

35Cl6
37ClO HpCDF 

 409.7789 M+4 C12H
35Cl5

37Cl2O HpCDF 
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Descriptor Exact m/z (1) m/z Type Elemental Composition Substance (2) 
 417.8253 M 13C12H

35Cl7O HpCDF (3) 
 419.8220 M+2 13C12H

35Cl6
37ClO HpCDF (3) 

 423.7766 M+2 C12H
35Cl6

37ClO2 HpCDD 
 425.7737 M+4 C12H

35Cl5
37Cl2O2 HpCDD 

 430.9729 Lock C9F17 PFK 
 435.8169 M+2 13C12H

35Cl6
37ClO2 HpCDD (3) 

 437.8140 M+4 13C12H
35Cl5

37CL2O2 HpCDD (3) 
 479.7165 M+4 C12H

35Cl7
37Cl2O NCDPE 

5 392.9760 QC C9F15 PFK 
 441.7428 M+2 C12

35Cl7
37ClO OCDF 

 442.9728 Lock C10F17 PFK 
 443.7399 M+4 C12

35Cl6
37Cl2O OCDF 

 457.7377 M+2 C12
35Cl7

37ClO2 OCDD 
 459.7348 M+4 C12

35Cl6
37Cl2O2 OCDD 

 469.7779 M+2 13C12
35Cl7

37ClO2 OCDD (3) 
 471.7750 M+4 13C12

35Cl6
37Cl2O2 OCDD (3) 

 479.7165 M+4 C12Cl8
37Cl2O

 NCDPE 
 513.6775 M+4 13C12

35Cl8
37Cl2O DCDPE 

 
 
  
 (a) The following nuclidic masses were used: 
 H = 1.007825 O  = 15.994915 
 C = 12.000000 35Cl = 34.968853 
 13C = 13.003355 37Cl =  36.965903 
 F = 18.9984 
 
S = Isotope dilution analyte/internal standard 
 
 
 
 
 
*The homologous groups for functions 1-3 do not use the same lockmass as described in Table 6. 
They use masses 316.9824, 366.9792, and 380.9760, respectively. 
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TABLE 7 
 

Recommended GC Operating Conditions 
 

The GC Operating Conditions (Temperatures (°C), and Times (minutes)) 
Are as Follows: 
 
        Injector Temperature: 280°C 
        Interface Temperature: 280°C 
        Initial Temperature and Time: 190°C / 1 Minute 
 
        Temperature Program: 190°C, increasing at a rate of 4°C per minute up to 240°C, and 

maintaining at this temperature until the last tetra of the tetra- group has eluted from the 
column. (The total time required for this is approximately 25 minutes, depending on the length 
of the column).  The maintained temperature of 240°C is then increased to 320°C at the rate of 
20°C per minute and held at this level until the last compound (octa-group) has eluted from the 
column. 

 
TABLE 8 

 
PCDD and PCDF Congeners Present in the GC Performance Evaluation Solution and Used 

for Defining the Homologous GC Retention Time Windows on a 60-M DB-5 Column(b) 

 

PCDD Positional Isomer PCDF Positional Isomer # of Chlorine 
Atoms Early Eluter Late Eluter Early Eluter Late Eluter 

4(a) 1,3,6,8 1,2,8,9 1,3,6,8 1,2,8,9 
5 1,2,4,6,8/1,2,4,7,9 1,2,3,8,9 1,3,4,6,8 1,2,3,8,9 
6 1,2,3,4,6,8 1,2,3,4,6,7 1,2,3,4,6,8 1,2,3,4,8,9 
7 1,2,3,4,6,7,8 1,2,3,4,6,7,9 1,2,3,4,6,7,8 1,2,3,4,6,7,9 
8 1,2,3,4,6,7,8,9 1,2,3,4,6,7,8,9 

(a)  In addition to these two PCDD isomers, the 1,2,3,4-, 1,2,3,7-, 1,2,3,8-, 2,3,7,8-, 13C12-2,3,7,8-, 
and 1,2,3,9-TCDD isomers must also be present. 

 
(b) The PCDF Congeners present in GC the Performance Evaluation Solution for the 30 m DB-

225 column include: 
 

• 1,2,3,9-TCDF 
• 2,3,7,8-TCDF 
• 2,3,4,7-TCDF 
• 13C12-2,3,7,8-TCDF 

Column performance criteria is met when the percent valleys between the 2,3,7,8-TCDF 
analyte and the closest eluting isomers are < 25%. 
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TABLE 9 
 

Theoretical Ion Abundance Ratios and Their  
Control Limits for PCDDs and PCDFs 

 
Control Limits # of Chlorine 

Atoms 
Ion Type Theoretical Ratio 

Lower Upper 
4 M / M+2 0.77 0.65 0.89 
5 M+2 / M+4 1.55 1.32 1.78 
6 M+2 / M+4 1.24 1.05 1.43 

6(a) M / M+2 0.51 0.43 0.59 
7(b) M / M+2 0.44 0.37 0.51 
7 M+2 / M+4 1.04 0.88 1.20 
8 M+2 / M+4 0.89 0.76 1.02 

(a)    Used only for 13C-HxCDF (IS)                    (b)    Used only for 13C-HpCDF (IS) 
 
 
 
 

TABLE 10 
 

2,3,7,8-TCDD Equivalent Factors (TEFs) for the Polychlorinated  
Dibenzodioxins and Dibenzofurans 

 
Number Compound(s) TEF 

1 2,3,7,8-TCDD 1.00 
2 1,2,3,7,8-PeCDD 0.50 
3 1,2,3,6,7,8-HxCDD 0.10 
4 1,2,3,7,8,9-HxCDD 0.10 
5 1,2,3,4,7,8-HxCDD 0.10 
6 1,2,3,4,6,7,8-HpCDD 0.01 
7 OCDD 0.001 
8 2,3,6,7-TCDF 0.1 
9 1,2,3,7,8-PeCDF 0.05 
10 2,3,4,7,8PeCDF 0.5 
11 1,2,3,6,7,8-HxCDF 0.1 
12 1,2,3,7,8,9-HxCDF 0.1 
13 1,2,3,4,7,8-HxCDF 0.1 
14 2,3,4,6,7,8-HxCDF 0.1 
15 1,2,3,4,6,7,8-HpCDF 0.01 
16 1,2,3,4,7,8,9-HpCDF 0.01 
17 OCDF 0.001 
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TABLE 11 
 

Toxicity Equivalency Factor:   
Analyte Relative Retention Time Reference Attributes 

 
Analyte Analyte RRT Reference (a) 

1,2,3,4,7,8-HxCDD 13C12-1,2,3,6,7,8-HxCDD 
1,2,3,6,7,8-HxCDF 13C12-1,2,3,4,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 13C12-1,2,3,4,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 13C12-1,2,3,4,7,8-HxCDF 

(a) The retention time of 2,3,4,7,8-PeCDF on the DB-5 column is measured relative to 13C12-1,3,7,8-
PeCDF and the retention time of 1,2,3,4,7,8,9-HpCDF relative to 13C12-1,2,3,4,6,7,8-HpCDF 
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FIGURE 1 
Structure of Dibenzodioxin and Dibenzofuran 
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FIGURE 2 
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Figure 3 
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FIGURE 4 
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APPENDIX A 
 
This procedure is designed for the periodic evaluation of potential contamination by 2,3,7,8-
substituted PCDD/PCDF congeners of the working areas inside the laboratory. 

  
PERFORMING WIPE TEST 

 
Perform the wipe tests on surface areas of two inches by one foot with laboratory wipers saturated 
with distilled-in-glass acetone or appropriate solvent using a pair of clean stainless steel forceps.  
Use one wiper for each of the designated areas.  Combine the wipers to one composite sample in an 
extraction jar containing 200 mL distilled-in-glass hexane.  Place an equal number of unused wipers 
in 200 mL hexane and use this as a control. 
 

SAMPLE PREPARATION 
 
Close the jar containing the wipes and 200 mL hexane and extract for 20 minutes using a wrist-
action shaker.  Use an appropriate means to reduce the volume to approximately 1.0 mL.  Put 
through an alumina column to clean up potential interfering compounds.  Add appropriate amount of 
internal standard.  

 
EXTRACT ANALYSIS 

 
Concentrate the contents of the vial to a final volume of 20 μL (either in a minivial or in a capillary 
tube).  Inject 2 μL of each extract (wipe and control) onto a capillary column and analyze for 
2,3,7,8-substituted PCDDs/PCDFs as specified in the analytical method Section 11 (this exhibit). 
Perform calculations according to Section 12 (this exhibit). 

 
REPORTING FORMAT 

 
Report the presence of 2,3,7,8-substituted PCDDs and PCDFs as a quantity (pg or ng) per wipe test 
experiment (WTE).  Under the conditions outlined in this analytical protocol, a lower limit of 
calibration of 25 pg/WTE is expected for 2,3,7,8-TCDD.  A positive response for the blank (control) 
is defined as a signal in the TCDD retention time window at any of the masses monitored which is 
equivalent to or above 8 pg of 2,3,7,8-TCDD per WTE.  For other congeners, use the multiplication 
factors listed in Table 1, footnote (a) (e.g., for OCDD, the lower MCL is 25 x 5 = 125 pg/WTE and 
the positive response for the blank would be 8 x 5 = 40 pg).  Also, report the recoveries of the 
isotope dilution analytes during the simplified cleanup procedure. 
 

FREQUENCY OF WIPE TESTS 
 

Wipe tests should be performed when there is evidence of contamination in the method blanks. 
 
 

CORRECTIVE ACTION 
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An upper limit of 25 pg per TCDD isomer and per wipe test experiment is allowed.  (Use 
multiplication factors listed in footnote (a) from Table 1 for other congeners.)  This value 
corresponds to the lower calibration limit of the analytical method.  Steps to correct the 
contamination must be taken whenever these levels are exceeded.  To that effect, first vacuum the 
working places (hoods, benches, sink) using a vacuum cleaner equipped with a high-efficiency 
particulate absorbent (HEPA) filter and then wash with a detergent.  A new set of wipes should be 
analyzed before anyone is allowed to work in the dioxin area of the laboratory.  
 
The test results and the decontamination procedure must be reviewed with EH&S. 
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1. SCOPE AND APPLICATION 

1.1. This method provides procedures for the preparation of samples prior to the analysis of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), polychlorinated dibenzo-p-
dioxins (tetra- through octachlorinated homologs; PCDDs), and polychlorinated 
dibenzofurans (tetra- through octachlorinated homologs; PCDFs) in a variety of 
environmental matrices at part-per-trillion (ppt) concentrations by SW 846 Method 
8290.  The analytical method calls for the use of high-resolution gas chromatography 
and high-resolution mass spectrometry (HRGC/HRMS) on purified sample extracts.  
Refer to Table 1 for the list of analytes.  Analysis is by SOP WS-ID-0005. 

1.2. The sensitivity of this method is dependent upon the level of interferences within a 
given matrix. 

1.3. This method is designed for use by analysts who are experienced with residue analysis. 

1.4. Samples containing concentrations of specific congeners (PCDDs and PCDFs) that are 
greater than the calibration limit should be analyzed by a protocol designed for such 
concentrations, such as 8280A/B.   

2. SUMMARY OF METHOD 

2.1. This procedure uses matrix-specific extraction and analyte-specific cleanup techniques. 

2.2. A specified amount (see Table 1) of soil, sediment, fly ash, water, sludge (including 
paper pulp), still-bottom, fuel oil, chemical reactor residue, air sample (QFF, PUF or 
XAD media) or fish tissue, is spiked with a solution containing specified amounts of 
each of nine isotopically (13C)  labeled PCDDs/PCDFs listed in Table 2.  The sample is 
then extracted according to a matrix-specified extraction procedure.  The extraction 
procedures are: a) toluene Soxhlet (or equivalent) extraction, for soil, sediment, fly ash 
samples, aqueous sludges, and solid air matrices (XAD, QFF, PUF); b) methylene 
chloride liquid-liquid extraction or solid phase extraction for water samples; c) dilution 
of a small sample aliquot in solvent for wastes/chemical products; and d) toluene (or 
hexane/methylene chloride) Soxhlet (or equivalent) extraction for fish tissue.  This 
method can also use solid phase extraction (SPE), however, Test America West 
Sacramento is in the developmental stages for this extraction type and is not currently 
certified for its use. 

2.3. If interferences are present, extracts may be cleaned as described below.  The extracts 
are submitted to an acid and/or base washing treatment and dried.  Following a solvent 
exchange step, the residue is cleaned up by column chromatography on acid/base silica, 
acid alumina and carbon on silica.  The preparation of the final extract for 
HRGC/HRMS analysis is accomplished by adding 20 μL of a tetradecane solution 
containing 100 pg/μL of each of the two recovery standards 13C12-1,2,3,4-TCDD and 
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13C12 -1,2,3,7,8,9-HxCDD (Table 2) to the concentrated eluate.  The former is used to 
determine the percent recoveries of tetra- and penta-chlorinated PCDD/PCDF internal 
standards while the latter is used for the determination of hexa-, hepta- and octa-
chlorinated PCDD/PCDF  internal standard percent recoveries.  Upon client approval, 
less final volume can be used to decrease detection limit and more final volume can be 
used to decrease severe interferences. 

3. DEFINITIONS 

3.1. Definitions of terms used in this SOP may be found in the glossary of the Quality 
Assurance Manual (QAM). 

3.2. Data qualifiers are defined on each data report.  Commonly used data qualifiers are 
defined in the QAM.   

3.3. Internal Standard: An internal standard is a 13C-labeled analog of a congener chosen 
from the compounds listed in Table 2.  Internal standards are added to all samples 
including method blanks and quality control samples before extraction, and they are 
used to quantitate the concentration of the analytes.  Nine internal standards are used in 
this method.  There is one for each of the dioxin and furan homologs (except for 
OCDF) with the degree of chlorination ranging from four to eight.  Additional internal 
standards may be added to act as retention time references, but they are not used for 
quantitation. 

3.4. Recovery Standard: Two recovery standards are used to determine the percent 
recoveries for the internal standards.  The 13C12-1,2,3,4-TCDD is used to measure the 
percent recoveries of the tetra- and pentachlorinated  internal standards while 13C12-
1,2,3,7,8,9-HxCDD is used to determine the recovery of the hexa-hepta- and 
octachlorinated internal standards.  13C12-1,2,3,7,8,9-HxCDD also acts as a retention 
time reference for the unlabeled analog present in sample extracts.  They are added to 
the final sample extract before HRGC/HRMS instrument analysis. 

3.5. Cleanup Recovery Standard (CRS): A 37Cl4-2,3,7,8-TCDD analog that is added to each 
sample following extraction to measure the efficiency of the cleanup process. 

4. INTERFERENCES 

4.1. Solvents, reagents, glassware and other sample processing hardware may yield discrete 
artifacts or elevated baselines that may cause misinterpretation of the chromatographic 
data.  All of these materials must be demonstrated to be free from interferents under the 
conditions of analysis by running laboratory method blanks.  Analysts shall not use 
PVC gloves. 

4.2. The use of high-purity reagents and solvents helps minimize interference problems.  
Purification of solvents by distillation in all-glass systems may be necessary.  
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4.3. Proper cleaning of glassware is extremely important because glassware may not only 
contaminate the samples, but may also remove the analytes of interest by adsorption on 
the glassware surface. 

4.3.1. Glassware should be rinsed with solvent and washed with a detergent 
solution as soon after use as is practical.  Sonication of glassware containing 
a detergent solution for approximately 30 seconds may aid in cleaning.  
Glassware with removable parts, particularly separatory funnels with Teflon 
stopcocks, must be disassembled prior to detergent washing. 

4.3.2. After detergent washing, glassware should be immediately rinsed with 
acetone, toluene, hexane, and then methylene chloride. 

4.3.3. Do not kiln reusable glassware in an oven as a routine part of cleaning.  
Kilning may be warranted after particularly dirty samples are encountered, 
but should be minimized, as repeated kilning of glassware may cause the 
formation of active sites on the glass surface that will irreversibly adsorb 
PCDDs/ PCDFs. 

4.3.4. Immediately prior to use, Soxhlet (or equivalent) extraction glassware 
should be pre-extracted with toluene for a minimum of 3 hours.  Note: 
Accelerated extractors such as the Soxtherm can use a shorter cleaning cycle 
which exhibits subsequent extractions free of cross contamination and 
interferences. 

Note:  Re-use of glassware should be minimized to avoid the risk of contamination.  
All glassware that is re-used must be scrupulously cleaned as soon as possible after 
use, applying the following procedure: 

4.4. Interferences co-extracted from samples will vary considerably from source to source, 
depending on the diversity of the site being sampled.  Interfering compounds may be 
present at concentrations several orders of magnitude higher than the PCDDs and 
PCDFs.  The most frequently encountered interferences are chlorinated-biphenyls, 
methoxy biphenyls, hydroxy biphenyl ethers, benzyl phenyl ethers, polynuclear 
aromatics, and pesticides.  Because very low levels of PCDDs and PCDFs are 
measured by this method, the elimination of interferences is essential.  The cleanup 
steps given in Sections 11.12 thru 11.16 can be used to reduce or eliminate these 
interferences.  

4.4.1. If South Carolina samples show diphenyl ethers at levels that could 
contribute to positive furan hits, a subsequent clean-up to remove them must 
be performed. 
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5. SAFETY 

Employees must abide by the policies and procedures in the Corporate Environmental Health 
and Safety Manual (CW-E-M-001), the West Sacramento Addendum to the Corporate EH&S 
Manual (WS-PEHS-002) and this document.  This procedure may involve hazardous material, 
operations and equipment.  This SOP does not purport to address all of the safety problems 
associated with its use.  It is the responsibility of the user of the method to follow appropriate 
safety, waste disposal and health practices under the assumption that all samples and reagents 
are potentially hazardous.  Safety glasses, gloves, lab coats and closed-toes, nonabsorbent 
shoes are a minimum.   

5.1. Specific Safety Concerns or Requirements 

5.1.1. Hearing protection must be worn when using mechanical systems to grind 
fish, tissue, or paper/pulp samples. 

5.1.2. Finely divided dry soils contaminated with PCDDs and PCDFs are 
particularly hazardous because of the potential for inhalation and ingestion.  
Such samples are to be processed in a confined environment, such as a hood 
or a glove box.   

5.1.3. Assembly and disassembly of glassware creates a risk of breakage and cuts.  
All staff members shall wear Kevlar or MAPA blue latex cut-resistant 
gloves over chemically resistant gloves when assembling and disassembling 
glassware. 

5.1.4. Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically 
resistant gloves must be worn while samples, standards, solvents, and 
reagents are being handled.  Latex and vinyl gloves provide no protection 
against most of the organic solvents used in this method.  Nitrile or similar 
gloves must be used.  Latex gloves may be used for methanol. 

5.1.5. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore all samples must be opened, transferred and prepared in a fume 
hood.  Solvent and waste containers will be kept closed unless transfers are 
being made. 

5.1.6. Laboratory procedures such as repetitive use of pipets, repetitive transferring 
of extracts, and manipulation of filled separatory funnels and other 
glassware represent a significant potential for repetitive motion or other 
ergonomic injuries.  Laboratory associates performing these procedures are 
in the best position to realize when they are at risk for these types of injuries.  
Whenever a situation is found in which an employee is performing the same 
repetitive motion, the employee shall immediately bring this to the attention 
of their supervisor, manager, or the EH&S staff.  The task will be analyzed 
to determine a better means of accomplishing it. 
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5.1.7. The use of separatory funnels to extract aqueous samples with methylene 
chloride creates excessive pressure very rapidly.  The use of separatory 
funnels during the partition and back extraction of sample extracts can also 
create excessive pressure.  Initial venting should be done immediately after 
the sample container has been sealed and inverted.  Vent the funnel into the 
hood away from people and other samples.  This is considered a high-risk 
activity, and a face shield must be worn over safety glasses or goggles when 
it is performed.  Alternately, the extraction can be performed behind a closed 
fume hood sash on a mechanical shaker. 

5.1.8. When Dean-Stark/Soxhlet clean-ups or extractions are performed overnight 
or unattended, special precautions must be taken.  Open the chiller valves to 
the system about 15 minutes before the heating elements are turned on, and 
check every condenser to ensure that it is cold and functioning properly 
before turning the heating elements on.  Check every condenser again about 
15 minutes after turning the heating elements on to ensure that they are still 
cold and functioning properly.  If the system is left operating overnight or 
unattended for an extended period, the first chemist to come back into the 
lab must again check every condenser to ensure that it is still cold and 
functioning properly. 

5.2. Primary Materials Used 

The following is a list of the materials used in this method, which have a serious or 
significant hazard rating.  NOTE:  This list does not include all materials used in 
the method.  The table contains a summary of the primary hazards listed in the 
MSDS for each of the materials listed in the table.  A complete list of materials used 
in the method can be found in the reagents and materials section.  Employees must 
review the information in the MSDS for each material before using it for the first time 
or when there are major changes to the MSDS. 

  
Material 

(1) 
Hazards Exposure 

Limit (2) 
Signs and symptoms of exposure 

Acetone Flammable 1000 ppm-
TWA 

Inhalation of vapors irritates the respiratory tract. May 
cause coughing, dizziness, dullness, and headache. 

Benzene Flammable 
Toxic 
Carcinogen 

PEL: 1 ppm  
TWA ;  
5 ppm 
15 MIN. 
STEL 
 

Causes skin irritation.  Toxic if absorbed through skin.  
Causes severe eye irritation.  Toxic if inhaled.  Vapor or 
mist causes irritation to mucous membranes and upper 
respiratory tract.  Exposure can cause narcotic effect.  
Inhalation at high concentrations may have an initial 
stimulatory effect on the central nervous system 
characterized by exhilaration, nervous excitation and/or 
giddiness, depression, drowsiness or fatigue.  Victim may 
experience tightness in the chest, breathlessness, and loss 
of consciousness. 

Cyclohexane Flammable 
Irritant 

300 ppm TWA Inhalation of vapors causes irritation to the respiratory tract. 
Symptoms may include coughing, shortness of breath. 
High concentrations have a narcotic effect. 
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Material 
(1) 

Hazards Exposure 
Limit (2) 

Signs and symptoms of exposure 

Hexane Flammable 
Irritant 

500 ppm-TWA Inhalation of vapors irritates the respiratory tract. 
Overexposure may cause lightheadedness, nausea, 
headache, and blurred vision. Vapors may cause irritation 
to the skin and eyes. 

Isooctane Flammable 
Irritant 

None 
established 

Inhalation of vapors may cause nausea, headache, 
dizziness, loss of consciousness, irritation to upper 
respiratory tract, pain in throat and nose, coughing, 
wheezing, shortness of breath. 

Methanol Flammable 
Poison 
Irritant 

200 ppm-TWA A slight irritant to the mucous membranes.  Toxic effects 
exerted upon nervous system, particularly the optic nerve.  
Symptoms of overexposure may include headache, 
drowsiness and dizziness.  Methyl alcohol is a defatting 
agent and may cause skin to become dry and cracked.  
Skin absorption can occur; symptoms may parallel 
inhalation exposure.  Irritant to the eyes. 

Methylene 
Chloride 

Carcinogen 
Irritant 

25 ppm-TWA 
125 ppm-STEL 

Causes irritation to respiratory tract.  Has a strong narcotic 
effect with symptoms of mental confusion, light-
headedness, fatigue, nausea, vomiting and headache.  
Causes irritation, redness and pain to the skin and eyes.  
Prolonged contact can cause burns.  Liquid degreases the 
skin.  May be absorbed through skin. 

Sodium 
Hydroxide 

Corrosive 
Poison 

2 ppm,  
5 mg/m3  

This material will cause burns if comes into contact with the 
skin or eyes.  Inhalation of Sodium Hydroxide dust will 
cause irritation of the nasal and respiratory system. 

Sulfuric Acid 
(1) 

Corrosive 
Oxidizer 
Dehydra-dator 

1 mg/m3 This material will cause burns if comes into contact with the 
skin or eyes.  Inhalation of vapors will cause irritation of the 
nasal and respiratory system. 

Tetradecane Irritant None 
established 

Inhalation of vapors may cause difficulty breathing, 
headache, intoxication and central nervous system 
damage. 

Toluene Flammable 
Poison 
Irritant 

200 ppm-TWA 
300 ppm-
Ceiling 

Inhalation may cause irritation of the upper respiratory 
tract.  Symptoms of overexposure may include fatigue, 
confusion, headache, dizziness and drowsiness.  Peculiar 
skin sensations (e. g. pins and needles) or numbness may 
be produced.  Causes severe eye and skin irritation with 
redness and pain.  May be absorbed through the skin. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 

6. EQUIPMENT AND SUPPLIES 

The following list of items does not necessarily constitute an exhaustive compendium of the 
equipment needed for this analytical method. 

6.1. Nitrogen evaporation apparatus with variable flow rate. 

6.2. Balances capable of accurately weighing to 0.01 g and 0.0001 g. 

6.3. Centrifuge. 

6.4. Water bath, equipped with concentric ring covers and capable of maintaining 
temperature control within ± 2ºC. 
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6.5. Stainless steel or glass containers large enough to hold contents of one-pint sample 
containers. 

6.6. Drying oven. 

6.7. Stainless steel spoons and spatulas. 

6.8. Pipettes, disposable, Pasteur, 150 mm long x 5 mm ID. 

6.9. Pipettes, disposable, serological, 10 mL, for the preparation of the carbon column 
specified in Section 7.1. 

6.10. Reacti-vial, 2 mL, silanized clear glass. 

6.11. Stainless steel meat grinder with a 3- to 5-mm hole size inner plate. 

6.12. Separatory funnels, 250 mL. 

6.13. Separatory funnels, 1000 mL. 

6.14. Teflon® boiling chips (or equivalent) washed with methylene chloride before use. 

6.15. Chromatographic column, glass, 300 mm x 10.5 mm, fitted with Teflon® stopcock. 

6.16. Adapters for concentrator tubes. 

6.17. Glass fiber filters, Whatman GF-D, GF-F, GMF150, or equivalent. 

6.18. Solid phase extraction discs, 3M 90mm C18, or equivalent.  

6.19. Dean-Stark trap, 5 or 10 mL, with T-joints, condenser and 125 mL flask. 

6.20. Continuous liquid-liquid extractor. 

6.21. All-glass Soxhlet apparatus, 500 mL flask. 

6.22. Soxtherm extraction apparatus (or equivalent), including glass thimble holders, glass 
beakers, and gaskets. 

6.23. Glass funnels, sized to hold 170 mL of liquid. 

6.24. Desiccator. 

6.25. Turbo evaporator 

6.26. Rotary evaporator with a temperature controlled water bath. 
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6.27. High speed tissue homogenizer, equipped with an EN-8 probe or equivalent. 

6.28. Glass wool, extracted with methylene chloride, dried and stored in a clean glass jar. 

6.29. Vacuum extraction device for solid phase extraction, 1 Liter glass funnel with 90mm 
filter disc holder with a vacuum source, Kontes or equivalent. 

7. REAGENTS AND STANDARDS 

7.1. Column Chromatography Reagents 

7.1.1. Silica Gel - Kieselgel 60 or equivalent, activate for 1 hour at 184°C before 
use.  Store at 130°C in covered flask. 

7.1.2. Acid Alumina - ICN or equivalent, activated as necessary. 

7.1.3. Basic Alumina - ICN or equivalent.  No activation required. 

7.1.4. Granular carbon/silica gel - Mix 3.6 g granular carbon and 16.4 g activated 
silica gel; (alternatively, prepare carbon/silica gel (5%/95%); i.e., combine 5 
g precleaned carbon with 95 g silica gel).  Store at room temperature in a 
Teflon ® lined covered jar.  The first LCS prepared with a new batch of 
column packing material is the quality control check of the packing 
materials.  Refer to historical control limits before accepting the new batch 
of material. 

7.1.5. 44% H2SO4 /silica gel - Mix 24 mL conc. H2SO4 and 56 g activated silica 
gel.  Stir and shake until free flowing.  Store at room temperature. 

7.1.6. 33% NaOH/silica gel - Mix 34 mL 1N NaOH and 67 g activated silica gel.  
Stir and shake until free flowing.  Store at room temperature. 

7.2. Acid Alumina Activity Assessment 

Alumina activity may vary with the matrix or environmental conditions.  Monitor 
internal standard and cleanup recovery standard recoveries in extract analysis.  Low 
recoveries of cleanup recovery standard (CRS) may indicate loss of alumina activity.  
Assess stability of alumina activity and apply corrective action as appropriate 
(reactivate and reprofile).   

Note: a column profile should be done to show elution of all 2,3,7,8 substituted analogs 
so problems can be readily identified. 

7.2.1. Profile each vendor lot of activated alumina as corrective action for low 
internal standard and CRS recoveries dictate.  If necessary, proceed as 
follows: 
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7.2.1.1. Set up and label 3 acid alumina columns. 

7.2.1.2. Pre-rinse with 20 mL hexane. 

7.2.1.3. Add 2 mL hexane spiked with internal standards and natives 
(spike amounts equivalent to those for LCS) with 2X2 mL 
hexane rinse of fractions.   

7.2.1.4. Elute each column with 20 mL hexane.  Collect and label these 
fractions. 

7.2.1.5. Elute each column with 5 x10 mL methylene chloride/hexane at 
the appropriate v/v percent.  Collect and label these fractions 
separately. 

7.2.1.6. Elute each column with 10 mL of 100% methylene chloride.  
Collect and label these fractions.  Reduce all fractions to final 
volume and add recovery standard. 

7.2.2. Review data and select an elution scheme.  Group the fraction from each 
solvent system as follows: 

7.2.2.1. Pre-analyte fraction - consists of all eluent prior to elution of first 
target analytes. 

7.2.2.2. Analyte fraction - consists of all that contain detectable levels of 
target analytes. 

7.2.2.3. Post-analyte fraction - consists of all eluents after elution of the 
last target analyte. 

7.2.3. Select the solvent system which best meets the following two conditions: 

7.2.3.1. Pre-analyte fraction consists of 20mL hexane and no more than 
20 mL mixed solvent. 

7.2.3.2. Analyte fraction consists of no more than 20mL of mixed solvent 
and contains greater than 90% of all target analytes and greater 
than 80% of all internal standards. 

7.2.4. After selection of the appropriate solvent system and fractionation pattern, 
perform triplicate acid alumina cleanups on spiked hexane to ensure 
reproducibility of the fractionation pattern.  Document each elution scheme. 

7.2.5. Each subsequent batch of acid alumina used in the lab (from the same 
vendor lot) must be checked for stable activity. 
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7.3. Reagents 

7.3.1. Sulfuric acid, concentrated, ACS grade, specific gravity 1.84. 

7.3.2. Distilled water demonstrated to be free of interferents  

7.3.3. 1 N HCl.  

7.3.4. Silica gel. 

7.3.5. Solution for breaking emulsions: Slowly add 1.0L of reagent grade NaOH 
solution to a 2.0L NaOH container, containing 1.0L of DI H2O, and leave 
the container in secondary containment with the lid off.   

Warning: The solution will begin to heat so let the solution stand until equilibrium 
is met and the solution is at room temperature.   

When this process is complete, the solution will then be ready for use in the 
samples. 

7.3.6. Precleaned Sodium Sulfate. 

7.3.7. Canola Oil (for tissue extraction only), or other suitable oil. 

7.4. Desiccating Agent 

7.4.1. Sodium sulfate, granular, anhydrous. 

7.5. Solvents 

7.5.1. High-purity, distilled-in-glass or highest available purity: Methylene 
chloride, hexane, methanol, tetradecane, isooctane, toluene, cyclohexane, 
and acetone. 

7.6. All daily internal standard, daily clean up recovery standards, and daily spiking 
solutions are stable for one year from preparation.  After 1 year, solutions may be re-
verified.  The re-verified solution may be used for an additional year, or until there is 
evidence of compound degradation or concentration.  The re-verification must be 
performed using an unexpired, not previously re-verified solution from a second lot or 
second vendor. 

7.6.1. Sealed ampules may be used until the manufacturer’s expiration date is 
exceeded.  If no expiration date is provided, then the expiration date will be 
10 years from the date the ampule is opened.  The solvent level should be 
monitored prior to each use to assure there has been no concentration of the 
standard over time. 
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7.6.2. Standards for method 8290A require storage at ≤ 6ºC. 

7.7. Field Surrogate Solution (air matrices) 

This solution contains one 37Cl labeled analog (for Method TO-9/TO-9A) or one 37Cl 
and four 13C labeled analogs (for Method 0023) at the nominal concentration indicated 
in Table 2.  It is used to assess sample collection and recovery procedures. 

7.8. Internal Standard 

This isooctane solution contains the nine internal standards at the nominal 
concentrations that are listed in Table 2.  The solution contains at least one carbon-
labeled standard for each homologous series, and it is used to measure the 
concentrations of the native substances.  (Note that 13C12 -OCDF is not present in the 
solution.) 

7.9. Native Spike Standard 

Also known as the Matrix Spike or Native Spike solution.  Contains all the 2,3,7,8-
substituted unlabeled analytes listed in Table 2.  Prepare using the appropriate 
standards to yield a spiking solution with a concentration of 4.0 ng/ml for the tetra- 
CDDs/CDFs, 20 ng/ml for the penta-, hexa-, and hepta- CDDs/CDFs, and 40 ng/ml for 
the octa- CDD/CDF. 

7.10. Recovery Standard Solution 

This tetradecane solution contains two recovery standards (13C12-1,2,3,4-TCDD and 
13C12 -1,2,3,7,8,HxCDD).  An appropriate volume of this solution is spiked into each 
sample extract before the final concentration step. 

7.11. Cleanup Recovery Standard Solution (CRS)  

Prepare 37Cl4-2,3,7,8-TCDD at the concentration shown in Table 2, in isooctane (or 
toluene). 

7.12. Preparation and QC of PUF material 

7.12.1. The PUF material is purchased pre-cut. 

7.12.2. The PUFs are rinsed by Soxhlet with acetone (or other appropriate solvent) 
for a minimum of 16 hours and air dried for a minimum of 2 hours in a 
contaminant-free area. 

7.12.3. One PUF from the rinsed batch is randomly selected to be the QC sample for 
the batch. 

7.12.4. The PUF is loaded into a pre-cleaned Soxhlet extractor charged with toluene. 

7.12.5. The 1613/8290 daily internal standard solution is spiked into the PUF and it 
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is extracted for a minimum of 16 hours. 

7.12.6. The Soxhlet extract is recovered and processed according to Section 11.4. 

7.12.7. The batch of PUF is considered acceptable if no target analytes are detected 
at or above the laboratory or project specific reporting limit. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. The sample collection, shipping, handling, and chain-of-custody procedures are not 
described in this document.  Sample collection personnel will, to the extent possible, 
homogenize samples in the field before filling the sample containers.  This should 
minimize or eliminate the necessity for sample homogenization in the laboratory.  The 
analyst should make a judgment, based on the appearance of the sample, regarding the 
necessity for additional mixing.  If the sample is clearly non-homogeneous, the entire 
contents should be transferred to a glass or stainless steel pan for mixing with a 
stainless steel spoon or spatula before removal of a sample portion for analysis. 

8.2. Grab and composite samples must be collected in glass containers.  

8.3. Ambient air samples are collected on a Quartz Fiber Filter followed by a glass sleeve 
containing a polyurethane foam plug. 

8.4. Samples from stationary sources are collected on glass or quartz fiber filters and XAD-
2 Resin.  (See WS-ID-0009 for sample preparation procedures). 

8.5. Conventional sampling practices must be followed.  Do not rinse the bottle with 
sample before collection.  Sampling equipment must be free of potential sources of 
contamination. 

8.6. Grinding or blending of fish samples. 

If not otherwise specified by the client, the whole fish (frozen) should be blended or 
ground to provide a homogeneous sample.  The use of a stainless steel meat grinder 
with a 3 to 5 mm hole size inner plate is recommended.  In some circumstances, 
analysis of fillet or specific organs of fish may be requested by the client.  If so 
requested by the client, the above whole fish requirement is superseded.  More detail 
can be found in “Tissue Sampling and Handling for a variety of Methods”  (WS-WI-
0018). 

Warning: Hearing protection must be worn when grinding samples. 

8.7. With the exception of the fish tissues, which must be stored at - 20°C, all samples 
should be stored at 4°C ± 2, extracted within 30 days and completely analyzed within 
45 days of collection.  The 30 day hold time is recommended.  PCDDs and PCDFs 
have demonstrated stability for greater than one year. 



SOP No. WS-IDP-0005, Rev. 1.5
Effective Date: 12/21/2012  

Page No.: 14 of 46
 

Company Confidential & Proprietary 

8.8. All extracts must be stored capped, in the dark, at room temperature (approximately 
21°C to 28°C).  All extracts for method 8290A must be stored capped at ≤ 6ºC. 

8.9. For moisture determinations refer to SOP WS-OP-0013. 

9. QUALITY CONTROL 

9.1. One method blank (MB) must be extracted with every process batch of similar matrix, 
not to exceed twenty (20) samples.  The method blank is an aliquot of laboratory 
matrix (reagent water, sodium sulfate, PUF, XAD, filter, etc.) processed in the same 
manner and at the same time as the associated samples.  Corrective actions must be 
documented on a Non-Conformance memo, then implemented when target analytes are 
detected in the method blank above the reporting limit or when surrogate recoveries are 
outside control limits.  Re-extraction of the blank, other batch QC, and the affected 
samples are required when the method blank is deemed unacceptable.  The method 
blank contains a PUF plug, XAD, or filter prepared from the same batch as the field 
samples whenever possible for air samples. 

Certain programs, such as DOD, may require a more stringent evaluation of the method 
blank, for instance, that the blank not contain any analytes of interest at a concentration 
greater than ½ the lower calibration limit.   

Note:  Re-extraction of the blank, QC and affected samples for the air matrices (PUF, 
XAD, and filter) is not generally possible because the entire sample is consumed in the 
initial extraction. 

9.1.1. If the accompanying samples are aqueous, use distilled water as a matrix.  
Take the method blank through all steps detailed in the analytical procedure. 

9.1.2. Use sodium sulfate as the method laboratory matrix when solids are 
extracted.  Use a mixture of sodium sulfate and canola oil as the matrix 
when tissues are extracted.  Take the method blank through all steps detailed 
in the analytical procedure. 

9.1.3. The method blank must be spiked prior to extraction with the same amount 
of 13C -labeled internal standards as added to samples. 

9.1.4. If method blank contamination is present, check solvents, reagents, 
fortification solutions, apparatus and glassware to locate and eliminate the 
source of contamination before any further samples are extracted and 
analyzed.  The presence of any analyte in the method blank ate 
concentrations greater than the reporting limit (RL) is cause for corrective 
action.  

9.1.4.1. OCDD is a ubiquitous laboratory contaminant.  A method blank 
and the associated samples are deemed acceptable if the OCDD 
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concentration is <5x the specified reporting limit.  Flag data 
appropriately.  The analyst is expected to investigate and 
eliminate potential sources of systematic contamination. 

9.1.4.2. If a target analyte is detected in the blank but the associated 
samples are ND (not detected), then the data may be reported, 
unless otherwise directed by the client.  Note the action in the 
narrative. 

9.1.4.3. If a target analyte is detected in the blank, but the concentration 
of the contaminant in the samples >10x the blank concentration, 
then the data may be reported, unless otherwise directed by the 
client.  Note the action in the narrative. 

9.1.4.4. If one of the conditions above is not met then the sample 
associated with a contaminated method blank must be re-
extracted. 

9.1.5. If new batches of reagents or solvents contain interfering contaminants, 
purify or discard them.  

9.2. A Laboratory Control Sample (LCS) must be extracted with every process batch of 
similar matrix, not to exceed twenty (20) samples.  The LCS is an aliquot of laboratory 
matrix (e.g. water, sodium sulfate, PUF, XAD, etc.) spiked with analytes of known 
identity and concentration.  The LCS must be processed in the same manner and at the 
same time as the associated samples.  Corrective actions must be documented on a 
Non-Conformance memo, then implemented when recoveries of any spiked analyte is 
outside control limits provided on the LIMS or by the client.  Re-extraction of the 
blank, other batch QC and all associated samples are required if the LCS is deemed 
unacceptable.  See policy WS-PQA-003 for specific acceptance criteria.  When 
associated with PUF samples, the LCS should contain a PUF plug prepared from the 
same batch as the field samples whenever possible. 

Note:  Re-extraction of the blank, QC and affected samples for the air matrices (PUF, 
XAD, and filter) is not generally possible because the entire sample is consumed in the 
initial extraction. 

9.2.1. A LCS is deemed acceptable if control analytes are above control limits and 
the associated samples are ND, unless otherwise specified by the client.  
Note any actions in the narrative. 

9.3. The assessment of matrix effects on method performance, as required by NELAP, is 
met in Method 8290 and 8290A, as in all isotope dilution techniques, with the use of 
isotopically labeled compounds.  These isotopically labeled compounds are analogs of 
target analytes and are spiked into each sample.  Therefore, matrix effects on method 
performance may be judged by the recovery of these analogs.  Sample analysis 
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acceptance is controlled by the performance of these analogs in each sample.  A Matrix 
Spike/Matrix Spike Duplicate (MS/MSD or MS/SD) pair are extracted at the client’s 
request only.  Method 8290A does not address analysis of MS/MSD.  An exception to 
this rule is a batch containing South Carolina samples for Method 8290.  These batches 
must have an MS/MSD prepared.  However, South Carolina requires Method 8290A 
after December 31, 2008.  An MS/MSD pair are aliquots of a selected field sample 
spiked with analytes of known identity and concentration.  When requested by the 
client, the MS/MSD pair shall be processed in the same manner and at the same time as 
the associated samples.  Corrective actions must be documented on a Non-
Conformance memo, then implemented when recoveries of any spike analyte is outside 
control limits provided on the LIMS or by the client.  Re-extraction of the blank, the 
LCS, the selected field sample, and the MS/MSD may be required after evaluation and 
review.  Matrix Spike/ Matrix Spike Duplicates are not generally applicable for air 
samples due to the difficulty in collecting identical or representative samples.  An 
LCS/LCSD may be extracted to show precision of the extraction and analysis process. 

9.3.1. Matrix Spike (MS): A sample, which is spiked with a known amount of the 
matrix spike fortification solution prior to the extraction step.  The 
recoveries of the matrix spike compounds are determined; they are used to 
estimate the effect of the sample matrix upon the analytical methodology. 

9.3.2. Matrix Spike Duplicate (MSD): A second portion of the same sample as 
used in the matrix spike analysis and which is treated like the matrix spike 
sample. 

9.3.3. Locate the sample for the MS and MSD analyses (the sample may be labeled 
"double volume"). 

9.3.4. Add an appropriate volume of the matrix spike fortification solution, 
adjusting the fortification level as specified in Table 1, under IS Spiking 
Levels. 

9.3.5. The results obtained from the MS and MSD samples (percent recovery and 
concentrations of 2,3,7,8-substituted PCDDs/PCDFs) should agree within 20 
percent relative difference.  Report all results and flag outliers. 

9.3.6. Internal standard recoveries are flagged if they are outside the recovery 
goals.  Re-extraction of affected samples should be performed if signal-to-
noise for any internal standard is less than 10:1. 

9.4. Duplicates 

9.4.1. Upon client request, duplicates may be processed.  Locate the sample 
specified for duplicate analysis, and prepare and analyze a second 10-g soil 
or sediment sample portion or 1 L water sample, or an appropriate amount of 
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the type of matrix under consideration.  Duplicate samples are not generally 
applicable for air samples due to the difficulty in collecting identical or 
representative samples.  A duplicate injection of a sample extract may be 
performed to display instrument precision. 

9.4.1.1. The results of the laboratory duplicates (percent recovery and 
concentrations of 2,3,7,8-substituted PCDD/PCDF compounds) 
should agree within 25 percent relative difference.  Report all 
results and flag outliers. 

9.4.2. Internal standard recoveries are flagged if they are outside the recovery 
goals.  Re-extraction of affected samples should be performed if signal-to-
noise for any internal standard is less than 10:1. 

9.5. Field Blanks  

9.5.1. Each batch of samples may contain a field blank sample of nominally 
uncontaminated soil, sediment or water that is to be processed for analysis.   

9.5.1.1. Weigh a 10-g portion or use 1 L (for aqueous samples) of the 
specified field blank sample and add the appropriate amount of 
internal standard to yield 100 pg/μL in the final extract. 

9.5.1.2. Extract by using the procedures described in Section 11.  As 
applicable, add the appropriate amount of recovery standard to 
yield 100 pg/μL in the final extract.  Analyze a 1-2 μL aliquot of 
the concentrated extract using SOP WS-ID-0005. 

9.6. Rinsate Samples 

9.6.1. In addition to the field blank, a batch of samples may include a rinsate, 
which is a portion of the solvent (usually trichloroethylene) that was used to 
rinse sampling equipment.  The rinsate is analyzed to assure that the samples 
were not contaminated by the sampling equipment. 

9.6.2. The rinsate sample must be processed like a regular sample. 

Take a 100-mL (± 0.5 mL) portion of the sampling equipment rinse solvent 
(rinsate sample), filter, if necessary, and add the appropriate amount of 
internal standard to yield 100 pg/μL in the final extract. 

9.6.3. Using appropriate methods, concentrate to approximately 10 mL. 

9.6.4. Just before analysis, add the appropriate amount of recovery standard to 
yield 100 pg/μL in the final extract.  Reduce the volume to a final volume of 
20 μL, as necessary.  No column chromatography is required. 
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9.6.5. Analyze an aliquot following the same procedures used to analyze samples. 

9.7. Surrogate/Clean Up Recovery Standard   

A surrogate compound may be spiked into all air media samples prior to collection.  
For all other matrices, a clean up recovery standard is spiked following extraction and 
just prior to cleanup, in order to monitor relative loss of internal standard during both 
extraction and cleanup. 

9.8. Internal Standards 

An internal standard is a 13C -labeled analog of a PCDD/PCDF congener.  Internal 
standards are added to all samples including method blanks and quality control samples 
before extraction, and they are used to quantitate the concentration of the analytes.  
Nine internal standards are used in this method.  There is one for each of the dioxin and 
furan homologs (except for OCDF) with the degree of chlorination ranging from four 
to eight.  Additional internal standards may be added to act as retention time 
references, but they are not used for quantitation. 

9.8.1. A 2000 pg aliquot of the internal standard mixture is added to all samples, 
regardless of sample size.  As an example, for 13C12 -2,3,7,8-TCDD, a 10-g 
soil sample requires the addition of 2000 pg of 13C12 -2,3,7,8-TCDD to give 
the requisite fortification level. 

9.8.2. Internal standards must be spiked into all samples, QC samples, and 
included in all calibrations. 

9.8.3. For each sample and QC aliquot, calculate the percent recovery.  The percent 
recovery should be between 40 percent and 135 percent for all nine internal 
standards.  

9.8.4. A low or high percent recovery for a blank does not require discarding the 
analytical data but it may indicate a potential problem with future analytical 
data.  Internal standard recoveries are flagged if they are outside the 
recovery goals.  Re-extraction of affected samples should be performed if 
signal-to-noise for any internal standard is less than 10:1. 

9.9. Recovery Standard: Two recovery standards are used to determine the percent 
recoveries for the internal standards.  The 13C12 -1,2,3,4-TCDD is used to measure the 
percent recoveries of the tetra- and pentachlorinated  internal standards while 13C12 -
1,2,3,7,8,9-HxCDD is used to determine the recovery of the hexa-hepta- and 
octachlorinated internal standards.  13C12 -1,2,3,7,8,9-HxCDD also acts as a retention 
time reference for the unlabeled analog present in sample extracts.  They are added to 
the final sample extract before HRGC/HRMS instrument analysis. 

9.10. Recommended Corrective Actions and Troubleshooting Steps 
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• Verify satisfactory instrument performance. 

• If possible, verify that no error was made while weighing the sample aliquots. 

• Review the analytical procedures with the performing laboratory personnel. 

10. CALIBRATION 

10.1. On a daily basis, calibrate any balance to be used in accordance with SOP WS-QA-
0041. 

10.2. On a monthly basis, calibrate any autopipettor to be used in accordance with SOP WS-
QA-0004. 

11. PROCEDURE  

11.1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of the supervisor to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters.  Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager.  If contractually required, the client shall be 
notified.  The Nonconformance Memo shall be filed in the project file. 

Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.2. Refer to SOP WS-ID-0009 for the preparation of stationary source samples.   

11.3. Sample Pre-Treatment 

11.3.1. Paper Pulp Sludges are generally air-dried and ground prior to extraction 
following Section 11.5.  Because of the drying procedure, a Dean-Stark 
water separator is optional for extraction.   

11.3.2. Fly Ash — Fly ash samples are pretreated with HCl prior to extraction by 
both soxhlet and separatory funnel techniques. 

11.3.2.1.  Weigh 2-10g of sample aliquot into a clean glass jar.   

11.3.2.2. Add 1.0mL of the internal standard mixture with 2 mL of 
acetone.   

11.3.2.3. Add 150 mL of 1N hydrochloric acid and shake for 4 hours.   

11.3.2.4. If the sample reacts violently with acid, then allow the sample to 
equilibrate for 4 hours with no shaking.   

11.3.2.5. Filter the contents of the jar through a glass fiber filter.   
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11.3.2.6. Extract the solids as per Section 11.5, omitting the daily internal 
standard spike for the samples. 

11.3.2.7. Extract the aqueous filtrate as per Section 11.8, using 100 mL of 
toluene for the first shake, and 100 mL of hexane for subsequent 
shakes.   

11.3.2.8. Concentrate the combined toluene solutions to near dryness on a 
rotary evaporator at 50°C.  Proceed with Section 11.12 as 
necessary. 

Note:  As an option, a Soxhlet/Dean Stark extractor system may be used, with toluene 
as the solvent.  No sodium sulfate is added when using this option. 

11.4. Waste Dilution (Still-Bottom/Fuel Oil, and other solvent-miscible materials).   

11.4.1. Weigh 1 g of the waste (organic liquids, fuel oils, and solids that will 
dissolve in a solvent) into a vial. 

11.4.2. Add 40 mL of toluene (or other solvent if the material is not miscible/soluble 
in toluene).  Shake gently to dissolve. 

11.4.3. Remove a 4.0 mL aliquot (0.1g sample equivalent) and place in a culture 
tube.  Add 1.0 mL of daily internal standard and 1.0 mL of cleanup recovery 
standard, and proceed to Section 11.12. 

11.5. Soxhlet Extraction (Solids, Tissues, Sludges, Wipes) 

11.5.1. Pre-extract the glassware by heating the flask until the toluene is boiling.  
When properly adjusted, 1-2 drops of toluene per second will fall from the 
condenser tip into the receiver.  Extract the apparatus for a minimum of four 
hours.   

WARNING:  Open the chiller supply valves about 15 minutes before turning on 
the heating element and ensure that all of the condensors are cold before you turn 
the heating element on.  Check all of the condensors about 15 minutes after 
starting the heating process to ensure that they are still cold and functioning 
properly.  If this cleaning cycle is to be left unattended (e.g., overnight) the first 
chemist to arrive the next morning is to check all condensers to ensure that they 
are still cold and functioning properly. 

11.5.2. After pre-extraction, cool and disassemble the apparatus. 

11.5.3. If tissues requiring % Lipids are to be extracted, for each sample weigh the 
concentration vessel with label and boiling chips.  Record the mass on the 
benchsheet.  Refer to SOP WS-QA-0018 “Subsampling”, for instructions on 
how to homogenize and subsample the container of sample. 
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11.5.4. Weigh a well-mixed aliquot of each sample (10 g, unless otherwise 
specified) into a clean Soxhlet thimble.  Record the mass to the nearest 
0.01g.  Use sodium sulfate for the batch QC (MB, LCS) for solids, and a 
mixture of 9 g sodium sulfate and 1 g canola oil for the batch QC for tissue 
matrices. 

11.5.4.1. In the case of wipes, place the entire wipe sample into the 
Soxhlet apparatus (no thimble needed), including any liquid 
present with the sample.  Use pre-cleaned wipes for the batch QC 
samples. 

11.5.5. Place the thimble into a Soxhlet apparatus equipped with a Dean-Stark water 
separator. 

11.5.6. Spike all samples with 1.0 mL of internal standard solution (2 pg/μL), for a 
final concentration of 200 pg/g (based on a 10 g sample). 

11.5.7. Spike the LCS (and MS/MSD, if present) with 50 uL of native spike. 

11.5.8. Reassemble the pre-extracted apparatus and add a fresh charge (250-300 
mL) of toluene to the receiver and reflux flask. 

11.5.9. Reflux 16 hours, with the solvent cycling at least 5 times per hour. 

WARNING:  Open the chiller supply valves about 15 minutes before turning on 
the heating element and ensure that all of the condensors are cold before you turn 
the heating element on.  Check all of the condensors about 15 minutes after 
starting the heating process to ensure that they are still cold and functioning 
properly.  If this cleaning cycle is to be left unattended (e.g., overnight) the first 
chemist to arrive the next morning is to check all condensers to ensure that they 
are still cold and functioning properly. 

11.5.10. Drain the water from the receiver if the receiver fills with water.  Check and 
drain when necessary. 

Note: If the receiver holds 10 mL of liquid,  and 20 g  of an approximately 10% solid 
sample is being extracted, then approximately 9 mL of water will end up in the 
receiver.  In this case, the receiver will not need to be emptied (insufficient liquid to 
overflow), but it should be checked.  If the sample amount is 50, and the percent solids 
is still 10%, then 45 mL of water will end up in the receiver.  In this case, frequent 
checking is required, and the receiver will need to be emptied at least 5 times.  

11.5.11. After refluxing, allow the apparatus to cool.   

11.5.12. If samples DO NOT require % lipids add 100 μL of tetradecane as a keeper 
to the round bottom flask. 
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11.5.13. Proceed to Section 11.17. 

11.6. SoxTherm Extraction (Solids, Tissues, Sludges,Wipes) 

11.6.1. Prior to loading samples, run the system through 2 cleaning cycles 
(approximately 1 hour each). 

11.6.2. After pre-extraction, cool and disassemble the apparatus. 

11.6.3. Weigh a well-mixed aliquot of each sample (10 g, unless otherwise 
specified) into a clean Soxhlet thimble.  Record the mass to the nearest 
0.01g.  Use sodium sulfate for the batch QC (MB, LCS) for solids, and a 
mixture of 9 g sodium sulfate and 1 g canola oil for the batch QC for tissue 
matrices. 

11.6.3.1. In the case of wipes, place the entire wipe sample into the 
Soxhlet apparatus (no thimble needed), including any liquid 
present with the sample.  Use pre-cleaned wipes for the batch QC 
samples. 

11.6.4. Place the thimble into the Soxtherm apparatus. 

11.6.5. Spike all samples with 1.0 mL of internal standard solution (2 pg/μL), for a 
final concentration of 200 pg/g (based on a 10 g sample). 

11.6.6. Spike the LCS (and MS/MSD, if present) with 50 uL of native spike. 

11.6.7. Reassemble the pre-extracted apparatus and add a fresh charge (150 mL) of 
toluene to the apparatus. 

11.6.8. Program the system to boil for 1 hour, and reduce the toluene volume by 70-
90 mL (volume < volume of the thimble). 

11.6.9. Continue the extraction for one hour fifteen minutes, reducing the toluene 
volume by another 15 mL. 

11.6.10. After refluxing, allow the apparatus to cool.   

11.6.11. Pour the samples into round bottom flasks, and if samples DO NOT require 
% lipids add 100 μL of tetradecane as a keeper to the round bottom flask. 

11.6.12. Proceed to Section 11.17. 

11.7. Extract Splitting (Wipes) 

Wipe extracts prepared using either Soxhlet or shaking techniques are split prior to 
further workup, to permit an archive aliquot, or analysis by an additional method.  
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Once the extract has been concentrated using the rotovap or Turbovap, proceed as 
follows: 

11.7.1. Add approximately 1 mL of hexane or toluene to rinse the sides of the round 
bottom flask.  Using a pipette, withdraw the sample from the round bottom 
flask and transfer the liquid into a test-tube.  Use additional amounts of 
solvents to rinse the flask.  Transfer all the liquid into the test-tube.  Ensure 
that all traces of sample in the round bottom flask have been thoroughly 
rinsed from all surfaces.  Bring the sample volume to 8.0 mL or 10.0 mL (or 
appropriate volume) with the addition of rinse solvent. 

11.7.2. Upon completion of the rinsing, cap the test tube and shake vigorously.  
Take ½ of each sample (or an appropriate amount as instructed by the client, 
program manager or department manager) and transfer to a culture tube.  
Archive the remaining sample for future use.   

11.7.2.1. If only one analysis is required, then ½ of the sample is archived 
and the other half is analyzed. 

11.7.2.2. If “N” analyses are required, then the extract is divided into 
“N+1” equal portions, so that one portion is archived, and a 
portion is used for each test.  

11.8. Aqueous Samples (liquid/liquid extraction).   

11.8.1. When setting up the glassware for a batch, for each sample label one 
separatory funnel and one 500 mL round-bottom flask with the sample ID. 

11.8.2. Weigh the sample in the bottle on the top loading balance to the nearest 
centigram (0.01g), and record the mass.   

11.8.3. For each sample, add 1 mL of daily internal standard solution into 2 mL of 
acetone.  Add this solution to the sample in the separatory funnel.  Each 
aliquot of spike mixture is added similarly.   

11.8.4. Dissolve 50µL of the target analyte into acetone and add this mixture into 
the LCS container. 

11.8.5. Pour the entire sample (approximately 1L) into a 2L separatory funnel that is 
labeled with the sample ID. 

11.8.6. Add 100 mL methylene chloride to the sample bottle, seal, and shake for 30 
seconds to rinse the inner surface.  Transfer the solvent to the separatory 
funnel.   

11.8.7. Create a blank and LCS by adding 1 L of laboratory reagent water to 2 
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additional separatory funnels.  Add 100 mL methylene choride to each 
funnel. 

11.8.8. To the LCS, add 50 µL of the precision and recovery standard dissolved into 
2 mL of acetone.  

11.8.9. Extract the samples by shaking each funnel for two minutes with periodic 
venting. 

Warning: Separatory funnel extraction with methylene chloride is a high-risk 
activity.  Pressure may build rapidly in the funnel.  It should be vented after 
several seconds of shaking, and often enough to prevent build-up of pressure.  
Chemist performing separatory funnel extraction must wear a face shield over 
their safety glasses/goggles.  Alternatively, the extraction can be performed 
behind a closed fume hood sash.   

11.8.10. Allow the organic layer to separate from the water phase for a minimum of 
10 minutes.  If the emulsion interface between layers is more than one-third 
the volume of the solvent layer, the analyst must employ mechanical 
techniques to complete the phase separation.   

11.8.11. Repeat the extraction two additional times with methylene chloride. 

11.8.12. Determine the original sample volume by re-weighing the sample bottle. 
Record the sample volume to the nearest centigram (0.01g). 

11.8.13. Dry extract with sodium sulfate:  Place glass wool in a precleaned filter 
funnel.  Rinse glass wool with methylene chloride and load funnel with 
Na2SO4.  Pour extract through Na2SO4 to remove water.  Rinse Na2SO  with 
fresh methylene chloride and collect in round bottom flask. 

11.8.14. Transfer the extract to a 500 mL round-bottom previously labeled with the 
sample ID, then add approximately 100 μL of tetradecane and concentrate 
on a rotary evaporator or TurboVap. 

11.8.15. Perform macro-concentration as detailed in Section 11.17. 

11.9. Aqueous Samples (solid phase extraction).  

11.9.1. Weigh the sample in the bottle on the top loading balance to the nearest 
centigram (0.01g), and record the mass.  

11.9.2. Create a blank and LCS by adding 1L of laboratory reagent water to 2 
additional 1L bottles. 

11.9.3. For each sample, add 1mL of daily internal standard solution in acetone.  
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Add this solution to the sample in the bottles.  Each aliquot of spike mixture 
is added similarly.   

11.9.4. To the LCS, add 50µL of the precision and recovery standard in acetone.  

11.9.5. Prepare the C18 extraction discs by first soaking them in toluene for at least 
5 minutes.  

11.9.6. Assemble the filter holder and vacuum filtration flask and place the 
extraction disc onto the filter holder. Place a GF-F filter on top of the 
extraction disc. If the sample has a large amount of particulates a GF-D filter 
can be placed on top of the GF-F filter. Alternatively, a GMF-150 filter can 
be used in place of the two filters. 

11.9.7. Place the filtering funnel onto the disc holder and clamp it in place. 

11.9.8. Rinse the filter and discs with approximately 15mL of toluene and allow it to 
soak for about a minute. Apply vacuum and draw the toluene through the 
discs. Repeat the wash step using about 15mL of acetone. Apply vacuum 
and draw the acetone through the discs. 

11.9.9. Rinse the filter and discs with approximately 15mL of methanol and allow it 
to soak for about a minute. Apply vacuum and draw the methanol through 
the discs, but DO NOT ALLOW THE DISCS TO GO DRY. If they do go 
dry, simply repeat the methanol rinse step, leaving a 1 – 2mm layer of 
solvent on top of the discs. 

11.9.10. Rinse twice with about 50mL of reagent water, leaving a 1 – 2mm layer of 
water on the surface of the discs. 

11.9.11. Pour the spiked method blank, LCS or sample into the reservoir and apply 
vacuum to begin the extraction. Adjust the vacuum such that the extraction 
takes approximately 10 minutes. Samples with large amounts of particulates 
may take much longer. 

11.9.12. After most of the sample has been pulled through the discs, rinse the sample 
bottle with a few mLs of reagent water and add the rinse to the funnel. Rinse 
down the sides of the funnel with reagent water as well. 

11.9.13. Allow the discs to dry, remove them from the holder and extract by soxhlet 
(11.5) or soxtherm (11.6) and proceed with cleanups. 

11.9.14. Determine the original sample volume by re-weighing the sample bottle. 
Record the sample volume to the nearest centigram (0.01g). 



SOP No. WS-IDP-0005, Rev. 1.5
Effective Date: 12/21/2012  

Page No.: 26 of 46
 

Company Confidential & Proprietary 

11.10. Breaking Emulsions 

There are several useful methods to decrease or eliminate emulsion in aqueous samples 
when extracting with methylene chloride.  These methods may include stirring with a 
pipette to manually breakup the emulsions or to transfer the sample into centrifuge 
tubes and centrifuge at approximately 3000 RPM.  The most useful method is to use a 
10:1 NaOH/H2O solution to change the pH enough to disrupt the emulsion phase, 
which works 90% of the time.  See Section 7.3.5 for reagent preparation.   

11.10.1. Check the pH of the sample to verify that the pH is between 3 and 7.  If the 
pH is greater than 7, consult the supervisor and client for instructions. 

11.10.2. Pour approximately 100 mL of the 10:1 NaOH/H2O into a 1 L amber glass 
bottle (AGB).   

11.10.3. Drain the sample with the emulsion from the 2 L separatory funnel into the 1 
L AGB and let it stand. 

11.10.4. Empty the aqueous waste into the LLE waste drum.   

11.10.5. Pour the solution with methylene chloride back into the same 2 L separatory 
funnel and drain the methylene chloride phase through Na2SO4 into a 500 
mL round-bottom flask. 

11.10.6. Empty the aqueous waste into the LLE waste drum. 

11.10.7. Proceed with macro-concentration (Section 11.17). 

11.11. Filter/PUF Samples 

11.11.1. Place the glass sleeve containing the PUF and the Quartz Fiber Filter into the 
pre-cleaned Soxhlet extractor charged with toluene. 

11.11.2. Add 2 mL (4000 pg) of 1613/8290 daily Internal Standard solution to all 
samples and QC. 

11.11.3. Add 50 uL of 1613/8290 Native Spike to the LCS. 

11.11.4. Extract the samples and QC for a minimum of 16 hours. 

11.11.5. Concentrate the extract from the round bottom flask with hexane and adjust 
the volume. 

11.11.6. Transfer the extract from the round bottom flask with hexane and adjust the 
volume. 

11.11.7. Split the extract 50:50 for analysis and archive. 
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11.11.8. Proceed to Section 11.12. 

11.12. Extract Clean-Up 

11.12.1. For all samples that are not air media, spike 1.0 mL of the Cleanup Recovery 
Standard (CRS) prior to any cleanup into the round bottom flasks containing 
the samples and QC Extracts (See also Section 9.7). 

11.12.2. Proceed with further cleanups as dictated by the sample matrix and extract 
color.  The “Option C” cleanup (Section 11.13 ) and the IFB Upper Column 
cleanup (Section 11.14) are applied to samples with high levels of 
interferences.  The IFB column cleanup (Section 11.15) is applied to all 
samples.  

11.13. Acid Partitioning (“Option C”) 

11.13.1. Use this clean up as needed on samples with high levels of interferences.  
Consult with a lead chemist or department manager to determine 
applicability. 

11.13.2. Partition the extract in 50-125 mL of hexane against 40 mL concentrated 
H2SO4 in a separatory funnel.  Shake for two minutes.  Remove and discard 
the H2SO4 layer (bottom).  Repeat the acid washing until no color is visible 
in the acid layer (perform a maximum of four acid washings). 

Warning: Shaking with a concentrated caustic is a high-risk activity.  Analyst 
must wear a face shield over safety glasses/goggles, or the shaking must take 
behind a closed hood sash. 

11.13.3. Partition the extract against 50 mL of distilled H2O.  Shake for two minutes.  
Remove and discard the aqueous layer (bottom).  Dry the extract by pouring 
it through a funnel containing anhydrous sodium sulfate and collect it in a 
round-bottom flask.  Rinse the sodium sulfate with two 15 mL portions of 
hexane, add the rinsates to the flask, and concentrate the hexane solution to 
near dryness on a rotary evaporator (35°C water bath), making sure all traces 
of toluene (when applicable) are removed.  (Use of blow-down with an inert 
gas to concentrate the extract is also permitted.)  The DI H20 partition is 
applied only as samples warrant it at the discretion of the analyst. 

11.14. IFB Upper Column Cleanup 

11.14.1. Use this clean up as needed on samples with high levels of interferences.  
Consult with a lead chemist or department manager to determine 
applicability. 

11.14.2. Set up the upper of the two chromatography columns as depicted in Figure 2.  



SOP No. WS-IDP-0005, Rev. 1.5
Effective Date: 12/21/2012  

Page No.: 28 of 46
 

Company Confidential & Proprietary 

The column (20 mm diameter) is packed in this order:  a glass wool plug, 2 g 
activated silica gel, 4 g Acid silica gel, 2 g activated silica gel, and  1 g 
sodium sulfate.     

11.14.3. Pre-rinse the column with 20 mL hexane, and discard the rinsate. 

11.14.4. Add extract to the column.  Rinse extract vessel 2 times with 1 mL each of 
hexane and add to column. 

11.14.5. Elute 60 mL hexane directly onto acid silica column (upper column). 

11.14.6. Collect the eluate, and concentrate before proceeding with the IFB cleanup 
(Section 11.15). 

11.15. IFB Column Cleanup 

Most samples will undergo this cleanup, either direction following concentration on the 
rotovap, or following the cleanup in Section 11.13 (Option C) or Section 11.14 (IFB 
Upper Column). 

11.15.1. Set up two chromatography columns as depicted in Figure 2.  The upper 
column (20 mm diameter) is packed in this order:  a glass wool plug, 2 g 
activated silica gel, 4 g Acid silica gel, 2 g activated silica gel, and  1 g 
sodium sulfate.  The lower column (15 mm diameter) is packed in this order:  
a glass wool plug, 6 g acid alumina, and 1 g sodium sulfate.   

11.15.2. Pre-rinse each column with 20 mL hexane, and discard the rinsate. 

11.15.3. Put one column above the other. 

11.15.4. Add extract to the top column (silica column).  Rinse extract vessel 2 times 
with 1 mL each of hexane and add to column. 

11.15.5. Elute 60 mL hexane directly onto acid silica column (upper column). 

11.15.6. Discard upper column. 

11.15.7. Elute lower column with 10 mL of 20% methylene chloride/hexane.  Discard 
in proper waste stream. 

11.15.8. Elute lower column with 30 mL of 65% methylene chloride/hexane.  Save 
and collect in culture tube. 

11.15.9. Proceed with additional cleanups as necessary. 
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11.16. Carbon Column Clean-up (D2 Column) 

Prepare an activated Carbon & Silica Gel column as described in below.  Refer to the 
diagram in Figure 3 as well. 

11.16.1. Push a glasswool plug down to the 3 inch mark in a pre-cut D2 column. 

11.16.2. Add 1 g of 5% activated carbon/silica.  Top with a glasswool plug. 

11.16.3. With the column oriented with “A” on the top (and the carbon on the lower 
end of the column), pre-elute with 5 mL 1:1 methylene chloride 
:cyclohexane.   

11.16.4. Discard pre-eluates. 

11.16.5. Invert the column so that the column is oriented with the “B” on the top and 
pre-elute with 3 mL of 1:1 methylene chloride. 

11.16.6. Dilute the extract to 1 mL with hexane and transfer to the column (still 
oriented in the “B” direction).   

11.16.7. Rinse sample vial onto the column with 2 x 2 mL 1:1 methylene 
chloride:cyclohexane. 

11.16.8. Elute with 6 mL 1:1 methylene chloride :cyclohexane 

11.16.9. Elute with 5 mL 75:25 methylene chloride:methanol 

11.16.10. Discard eluates. 

11.16.11. Turn the column over (so that the “A” end is on top), and elute with 30 mL 
of toluene.  Collect this eluate. 

11.16.12.  Concentrate to NEAR dryness using the Rotovap (Section 11.17) or 
Turbovap (Section 11.18), then proceed to the recovery standard step 
(Section 11.19). 

11.17. Macro-concentration (Rotary Evaporator) 

Concentrate the extracts in separate round bottom flasks on rotary evaporator. 

11.17.1. Assemble the rotary evaporator according to manufacture’s instructions, and 
warm the water bath.  On a daily basis, preclean the rotary evaporator by 
solvent rinsing.  Between samples, 2-3 mL rinses of toluene followed by a 2-
3 mL rinse of hexane should be rinsed down the feed tube into a waste 
beaker. 
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Rotovap Conditions 
Solvent Bath Temperature (C) Vacuum Setting (PSI) 
Toluene 80 25 
Hexane 65 15 
Methylene Chloride 70 No vacuum applied 

11.17.2. Attach the round bottom flask containing the sample extract to the rotary 
evaporator.  Slowly apply vacuum to the system, and begin rotating the 
sample flask. 

11.17.3. Lower the flask into the water bath and adjust the speed of rotation and the 
temperature as required.  At the proper rate of concentration, the flow of 
solvent into the receiving flask will be steady, but no bumping or visible 
boiling of the extract will occur.  

NOTE:  If the rate of concentration is too fast, analyte loss may occur. 

11.17.4. For samples requiring % Lipids analysis: 

11.17.4.1. Concentrate until the toluene has been completely removed.  Add 
approximately 25 mL hexane and concentrate to ensure that only 
the lipids are present.  

11.17.4.2. Dry the concentration vessel and let stand at room temperature.  
Weigh the vessel and record on the benchsheet. 

11.17.4.3. Calculate % lipids as follows: 

%100
Size Sample

Mass Vessel Initial - Mass Vessel Final
Lipids % ×=  

11.17.5. Proceed to extract cleanups, or transfer to a micro concentration vial for the 
recovery standard step (Section 11.19). 

11.18. Micro-concentration (Turbovap) 

Concentrate the extracts in 35 mL culture tubes in a turbo-evaporator.  The turbo-
evaporator model that the laboratory uses can hold up to 50-35 mL culture tubes.  
Other turbo-evaporator models can be used that may or may not have the same culture 
tube sizes and/or capacity.  Adjust temperature according to solvent (65ºC for toluene 
and 45ºC for hexane or hexane/ methylene chloride mixtures) 

11.18.1. The evaporating times are dependent on sample volume and solvent.  The 
following are examples and can change from sample to sample.  Each 
sample should be checked in intermittent intervals to make sure samples do 
not go dry. 

11.18.2. When evaporating 30 mL toluene, it will normally take approximately 30-50 
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minutes with the temperature setting described above. 

11.18.3. When evaporating 30 mL hexane/ methylene chloride, it will normally take 
approximately 20-30 minutes with the temperature setting described above. 

11.18.4. For samples requiring % Lipids analysis refer to Section 11.17.4. 

11.18.5. Proceed to extract cleanups, or transfer to a micro concentration vial for the 
recovery standard step (Section 11.19). 

11.19. Recovery Standard 

11.19.1. Transfer extracts to a micro concentration vial (test tubes and other small 
vessels may also be used) 

11.19.2. With a stream of dry, purified nitrogen, reduce the extract volume to 
approximately 100 μL.   

11.19.3. Add 20 μL of the recovery standard solution (Table 2).   

11.19.4. With a stream of dry, purified nitrogen, reduce the extract volume to 20 μL. 

11.19.5. Transfer the extract to an autoinjection vial and store in the dark at room 
temperature. 

11.19.6. A smaller final volume can be used to decrease the detection limit upon 
client approval. 

11.19.7. A larger final volume can be use to decrease potential matrix interferences, 
if the column and acid cleanups were unsuccessful. 

11.20. Sample Dilution Procedure 

11.20.1. Simple dilutions: Dilutions from 2X to 50X can be achieved without 
respiking the final extract.  The calculation to determine the final extract 
concentration is as follows: 

                                         

extract) diluted of (Volume

ken)aliquot ta of(Amount   x extract) original of (Conc.
Extract of Conc. Final =   

     

Ex:     
L100

g 1

L)(100 x L)(20

L) (2 x g) (10

μμμ
μ

=  FV 

 
Record the final sample concentration on the extract label. 
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11.20.2. Complex dilution requiring respiking of IS and RS:   

Dilutions greater than 50x must be done by diluting and respiking the extract 
with IS and RS.  This procedure may require serial dilution to be performed.  
If this procedure is done, then the sample size must be adjusted to reflect the 
aliquot taken. 

Ex. 100X dilution (original sample with 10 g/20 μL final volume) 

Take a 2 μL aliquot (1/10 of original sample) and add 18 μL of solvent 
keeper.  Take a 2 μL aliquot of the dilution (1/100 of the original sample), 
respike with 1 mL IS and 20 μL RS, reduced to 20 μL FV. 

Record the final sample concentration of the extract label.   

12. CALCULATIONS/DATA REDUCTION 

12.1. Not applicable 

13. METHOD PERFORMANCE  

It must be documented that all applicable system performance criteria specified were met 
before analysis of any sample is performed.  . 

13.1. The group/team leader has the responsibility to ensure that this procedure is performed 
by an associate who has been properly trained in its use and has the required expertise. 

13.2. Method Detection Limit 

The laboratory must generate a valid method detection limit for each analyte of interest.  The 
MDL must be below the reporting limit for each analyte.  The procedure for determination of 
the method detection limit is given in 40 CFR Part 136, Appendix B, and further defined in 
SOP WS-QA-0006.  MDLs are available in the Quality Assurance Department. 

13.3. Initial Demonstration 

The laboratory must make an initial demonstration of capability for each individual 
method.  Demonstration of capability for both soil and water matrices is required.  This 
requires analysis of QC check samples containing all of the standard analytes for the 
method.  For some tests it may be necessary to use more than one QC check mix to 
cover all analytes of interest. 

13.3.1. Four aliquots of the QC check sample are analyzed using the same 
procedures used to analyze samples, including sample preparation.  The 
concentration of the QC check sample should be less than or equivalent to 
the LCS samples. 

13.3.2. Calculate the average recovery and standard deviation of the recovery for 
each analyte of interest.  Compare these to the laboratory generated QC 
Limits. 
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13.4. If any analyte does not meet the acceptance criteria the test must be repeated.  Only 
those analytes that did not meet criteria in the first test need to be evaluated.  Repeated 
failure for any analyte indicates the need for the laboratory to evaluate the analytical 
procedure and take corrective action. 

14. POLLUTION CONTROL 

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize 
waste generated (i.e., examine recycling options, ordering chemicals based on quantity needed, 
preparation of reagents based on anticipated usage and reagent stability).  Employees must 
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual 
(CW-E-M-001) for “Waste Management and Pollution Prevention.” 

14.1. The use of Roto-vaps and Turbo-vaps rather than Kuderna-Danish reduction allows 
extraction solvents to be collected and disposed of rather than released to the 
atmosphere. 

14.2. Toluene, which is a less hazardous solvent, has been substituted for benzene as an 
extraction solvent. 

14.3. The use of SoxTherm extraction rather than soxhlet extraction, when appropriate, 
reduces the volume of solvent used. 

14.4. Standards should be prepared in volumes consistent with laboratory use to minimize 
the volume of expired standards that must be discarded. 

14.5. All waste will be disposed of in accordance with Federal, State, and Local regulations.  
Where reasonably feasible, technological changes have been implemented to minimize 
the potential for pollution of the environment. 

14.6. Do not allow waste solvent to vent into the hoods.  All solvent waste is stored in 
capped containers unless they are being filled. 

14.7. Transfer waste solvent from collection cups (tri-pour and similar containers) to jugs 
and/or carboys as quickly as possible to minimize evaporation. 

15. WASTE MANAGEMENT 

Waste management practices are conducted consistent with all applicable rules and 
regulations.  Excess reagents, samples and method process wastes are disposed of in an 
accepted manner.  Waste description rules and land disposal restrictions are followed.  Waste 
disposal procedures are incorporated by reference to SOP WS-EHS-0001.  The following 
waste streams are produced when this method is carried out. 

15.1. Extracted aqueous/leachate samples contaminated with methylene chloride are 
collected at the fume hood in a 5-gallon or smaller carboy.  If the samples are not at a 
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neutral pH, add small quantities of sodium bicarbonate to bring the waste to neutral.  
Stir well.  Once neutralized, immediately pour the carboy contents into a blue plastic 
LLE drum in the H3 closet.  When full to between two and six inches of the top, or 
after no more than 75 days, move the LLE drum to the waste collection area for 
shipment. 

15.2. Extracted soil samples and thimbles, extracted PUF filters, XAD-2 resin, paper funnel 
filters, glass wool, sodium sulfate, assorted disposable glassware, fish/crawfish or 
similar materials, silica gel, alumina, and carbon from column clean-ups, contaminated 
with various solvents and eluates.  Dump the materials into a orange contaminated lab 
trash bucket.  When the bucket is full or at the end of the day, tie the plastic bag liner 
shut and put the lab trash into the steel collection drum in the H3 closet.  When the 
drum is full or after no more than 75 days, move it to the waste collection area for 
shipment. 

15.3. Flammable solvent and methylene chloride waste generated during glassware and 
sodium sulfate cleaning.  Solvent waste collected during roto-vap/turbo-vap reduction 
of extracted samples.  Collect the waste solvents in tripours during use.  Empty the 
tripours into a 1-liter to 4-liter carboy at the fume hood.  When the carboy is full, or at 
the end of your shift, whichever comes first, empty the carboy into the steel solvent 
drum in the H3 closet.  When full to between two and six inches of the top, or after no 
more than 75 days, move the steel drum to the waste collection area for shipment. 

15.4. Assorted flammable solvents and methylene chloride waste generated during quartz 
fiber filter preparation, PUF adsorbent preparation, XAD-2 resin preparation, 
PUF/XAD-2 cartridge preparation, glassware rinsing and sodium sulfate pre-rinsing..  
Waste solvents and methylene chloride collected during roto-rap/turbo-vap reduction 
of extracted samples.  Collect the waste solvents in tripours during use.  Empty the 
tripours into a 1-liter to 4-liter carboy at the fume hood.  When the carboy is full, or at 
the end of your shift, whichever comes first, empty the carboy into the steel drum in 
the H3 closet.  When the drum is full to between two and six inches of the top, or after 
no more than 75 days, move the steel drum to the waste collection area for shipment. 

15.5. Contaminated sulfuric acid used during extract cleanup. Collect the used sulfuric acid 
in empty, 2.5-liter, plastic coated jars.  When full or after one year, whichever comes 
first, transfer these jars to the waste collection area for shipment. 

15.6. Contaminated distilled water used during extract cleanup.  Collect the contaminated 
water in a 1-liter to 4-liter carboy at the fume hood.  When the carboy is full, or at the 
end of your shift, whichever comes first, empty the carboy into the plastic LLE drum in 
the H3 closet.  When full to between two and six inches of the top, or after no more 
than 75 days, move the plastic drum to the waste collection area for shipment. 
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16. REFERENCES/CROSS REFERENCES 

16.1. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update IV.  Method 
8290A Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 
(PCDFs) by high-Resolution Mass Spectrometry February 2007. 

16.2. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update III.  Method 
8290 Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 
(PCDFs) by high-Resolution Mass Spectrometry September 1994. 

16.3. SW846, Test Methods for Evaluating Solid Waste, Third edition, Update III.  Method 
0023A, Sampling Method for Polychlorinated Dibenzo-p-dioxins and Polychlorinated 
Dibenzofurans Emissions from Stationary Sources.  December 1996. 

16.4. Compendium Method TO-9A “Determination of Polychlorinated, Polybrominated, and 
Brominated, Cholorinated Dibenxo-p-dioxins and Dibenzofurans in Ambient Air”, 
EPA compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air, second edition, January 1997. 

16.5. Protocol for the Analysis of 2,3,7,8-TCDD by HRGC/HRMS".  J. S. Stanley and T. M. 
Sack, EPA 600/4-86-004. 

16.6. “Safety in Academic Chemistry Laboratories", American Chemical Society 
Publication, Committee on Chemical Safety (3rd Edition, 1979.) 

16.7. “Carcinogens - Working with Carcinogens".  Department of Health, Education, and 
Welfare, Public Health Service, Center for Disease Control.  National Institute for 
Occupational Safety and Health.  Publication No. 77-206, August 1977. 

16.8. "OSHA Safety and Health Standards, General Industry", (29 CFR 1910) Occupational 
Safety and Health Administration, OSHA 2206 (revised January 1976). 

17. METHOD MODIFICATIONS 

17.1. Deviations from EPA 8290 and 8290A. 

17.1.1. Tetradecane instead of nonane is used as the final solvent to increase the 
stability of extracts and standards.  Tetradecane is less volatile than nonane.  
Loss of analyte as a result of solvent incompatibility is monitored through 
recovery checks and calibration acceptance criteria.  

17.1.2. Extract clean-ups are performed at the discretion of the analyst when 
interferences are observed.  Then, the analyst should select the clean-up 
procedure appropriate to the interferent. 
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17.1.3. Section 7.4.6.4 of Method 8290 indicates that extracts should be transferred 
with hexane, then toluene.  Toluene is used to transfer extracts to maintain 
compound solubility and minimize analyte loss. 

17.1.4. Section 7.5.1.2 of Method 8290 specifies that a NaCl solution should be 
used for partitioning.  Instead, the laboratory uses laboratory water only.  
NaCl is used to break up emulsions that may form.  An analyst may use 
NaCl, NaOH, or any mechanical means to break up an emulsion. 

17.1.5. Section 7.5.3 of Method 8290 specifies that hexane is used as a column 
elution solvent.  The laboratory uses cyclohexane to achieve better and more 
reproducible separation of the target analyte from the interferent. 

17.1.6. Carbon columns are packed with silica gel in place of celite.  Elution 
solvents are changed accordingly.  (SOP Section 11.4; Method 8290 Section 
7.5.3.2, 8290A Section 7.3.6.). 

17.2. Modifications from TO-9A method 

17.2.1. Quartz Fiber Filters are cleaned by Soxhlet extraction with methylene 
chloride, not baked at 400 degrees C for 5 hours. 

17.2.2. The PUF material may be pre-cleaned with methylene chloride or other 
appropriate solvent.  The PUFs are not reused. 

17.2.3. The 37Cl4-2,3,7,8-TCDD surrogate is present at varying levels in the 
calibration curve (0.5-200 pg/ μL). 

17.2.4. Samples are extracted with toluene not benzene. 

17.2.5. Concentration is performed by rotary evaporation not Kuderna-Danish. 

17.2.6. All cleanup procedures are optional and applied based on the analyst’s 
discretion. 

17.2.7. The laboratory uses 2 labeled recovery standard for the quantitation of 
labeled internal standards. 

17.2.8. The final volume is adjusted to 20 μL in tetradecane. 

17.2.9. Calibration and quantitation are performed in accordance to this SOP. 

18. ATTACHMENTS 

18.1. Table 1 - Types of Matrices 
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18.2. Table 2 - Composition of Sample Fortification and Recovery Standard Solutions. 

18.3. Table 3 - The Seventeen 2,3,7,8-Substituted PCDD and PCDF Congeners 

18.4. Figure 1 - Analysis Flowchart 

18.5. Figure 2 — IFB column cleanup 

18.6. Figure 3 — D2 Column cleanup 

18.7. Appendix A - Periodic Wipe Test Performance 

19. REVISION HISTORY 

19.1. WS-IDP-0005, Revision 1.5, Effective 12/21/2012 

19.1.1. Clarified extraction procedure by revising Section(s) 11.8.1- 11.8.4 and 
adding an extra extraction step (Section 11.8.3). 

19.1.2. Editorial revisions. .  

19.2. WS-IDP-0005, Revision 1.4, Effective 03/20/2012 

19.2.1. Appended to Section 2.2: “This method can also use solid phase extraction 
(SPE), however, Test America West Sacramento is in the developmental 
stages for this extraction type and is not currently certified for its use.” 

19.2.2. Editorial changes. 

19.3. WS-IDP-0005, Revision 1.3., Effective 06/10/2011 

19.3.1. Added Section 11.9: Aqueous Samples (Solid Phase Extraction). 

19.3.2. Editorial revisions. 

19.4. WS-IDP-0005, Revision 1.2, Effective 2/11/2011 

19.4.1. Added benzene to Section 5.2 Table.. 

19.4.2. Editorial revisions. 

19.5. WS-IDP-0005, Revision 1.1, Effective 2/12/2010 

19.5.1. Section 11.2 – updated SOP reference from SAC-ID-0009 to WS-ID-0009. 

19.5.2. Section 11.6.1 – changed:  “Prior to loading samples, run the system through 
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a cleaning cycle (approximately 3 hours)” to “(approximately 1 hour).” 

19.5.3. Section 11.6.8 – changed “…fresh charge (140 mL) of toluene…” to 
“…fresh charge (150 mL) of toluene….”. 

19.5.4. Section 11.16.1 – inserted in Table  “No vacuum applied” under vacuum 
setting (PSI) for solvent Methylene chloride. 

19.6. WS-IDP-0005, Revision 1, Effective 10/2/2008 

19.6.1. Added 8290A references. 

19.6.1.1. Extract and standard storage. 

19.6.1.2. Removal of MS/MSD. 

19.6.2. Updated to TestAmerica format. 

19.6.3. Separated the analytical steps from the preparation steps, this SOP is 
concerned only with the sample preparation. 

19.7. WS-ID-0005, Revision 6.7, Effective 8/21/2008 

19.7.1. Changed the word “toluene” to “acetone” in 7.11.2. 

19.8. WS-ID-0005, Revision 6.6, Effective 4/9/2008 

19.8.1. Added South Carolina rule to prepare an MS/MSD with every batch. 

19.8.2. Modified to include extraction and analysis of ambient air samples collected 
in filter/PUF material. 
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TABLE 1 
 

Types of Matrices, Sample Sizes and 2,3,7,8-TCDD-Based  
Method Calibration Limits (Parts per Trillion) 

 
 Water Soil 

Sediment 
Paper 
Pulp 

Fly 
Ash 

Human/ 
Fish 
Tissue 

Adipose 
Tissue 

Sludges, 
Fuel Oil 

Still-
Bottom 

Ambient or 
Source 
Samples 

Lower MCL(a) 0.01 1.0 2.0 1.0 2.0 10 20 40 
Upper MCL(a) 4.0 400 400 400 400 2000 4000 8000 
Weight (g) 1000 10 10 10 10 2.0 1.0 1 sample 
  
IS Spiking Levels (ng) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 4.0 
  
Final Extract Volume 
(μL) 

20 20 20 20 20 20 20 20 

 
(a) For other congeners, multiply the values by 1 for TCDF, by 5 for 
PeCDD/PeCDF/HxCDD/HxCDF/HpCDD/HpCDF, and by 10 for OCDD/OCDF. 
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TABLE 2 

 
Composition of the Sample Fortification  

and Recovery Standard Solutions 
 

  
Analyte Semple Fortification Solution 

Concentration pg/μL; 
Solvent: Isooctane 

Recovery Standard Solution 
Concentration pg/μL; Solvent: 

Tetradecane 
13C12 -2,3,7,8-TCDD 2(a), 100(c) -- 
13C12 -2,3,7,8-TCDF 2(a), 100(c) -- 
13C12 -1,2,3,4-TCDD -- 100 
13C12 -1,2,3,7,8-PeCDD 2(a), 100(c) -- 
113C12 -1,2,3,7,8-PeCDF 2(a), 100(c) -- 
   
13C12 -1,2,3,6,7,8-HxCDD 2(a), 100(c) -- 
13C12 -1,2,3,4,7,8-HxCDF(d) 2(a), 100(c) -- 
113C12 -1,2,3,7,8,9-HxCDD -- 100 
   
13C12-2,3,7,8-TCDD(b)(c) 0.8(b),100(c)  
 100(c)  
13C12 -2,3,4,7,8-PeCDF(c) 100(c)  
13C12 -1,2,3,6,7,8-HxCDF(c)(d) 100(c)  
13C12 -1,2,3,4,7,8-HxCDD(c) 100(c)  
13C12 -1,2,3,4,7,8,9-HpCDD(c) 100(c)  
   
13C12 -1,2,3,4,6,7,8-HpCDD 2(a), 100(c) -- 
13C12 -1,2,3,4,6,7,8-HpCDF 2(a), 100(c) -- 
   
13C12 -OCDD 4(a), 200(c) -- 

(a) Standard 8290, Method 23, Method 0023A, TO9 and TO9A Sample Fortification Solution concentrations 
(b) Method TO9 and TO9A surrogate concentrations 
(c) Method 23 and Method 0023A surrogate concentrations 
(d) 13C12 -1,2,3,6,7,8-HxCDF is used as a Sample Fortification Solution and13C12-1,2,3,4,7,8-HxCDF is used 

as a surrogate solution in Method 23 and Method 0023A 
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TABLE 3 
 

The Seventeen 2,3,7,8-Substituted PCDD and PCDF Congeners 
 

PCDD PCDF 

2,3,7,8-TCDD(*) 2,3,7,8-TCDF(*) 
1,2,3,7,8-PeCDD(*) 1,2,3,7,8-PeCDD(*) 
1,2,3,6,7,8-HxCDD(*) 2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDD(+) 1,2,3,7,8,9-HxCDF 
1,2,3,4,6,7,8-HpCDD(*) 1,2,3,4,7,8-HxCDF(*) 
 1,2,3,4,5,6,7,8-OCDD(*) 2,3,4,6,7,8-HxCDF 
 1,2,3,4,6,7,8-HpCDF(*) 
 1,2,3,4,7,8,9-HpCDF 
 1,2,3,4,5,6,7,8-OCDF 

                                                                                
(*)The 13C -labeled analog is used as an internal standard. 
(+)The 13C -labeled analog is used as a recovery standard. 
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FIGURE 1 — Flowchart of Process 

Measure out sample
aliquot, spike with IS

Extract as appropriate

Add Keeper, RotovapNo keeper, rotovap

IFB Column Cleanup

Extract Concentration
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Required?
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Figure 2 – Diagram of IFB Column Cleanup 
 

Use 20 mm column for top column (IFB Column) 
Use 16 mm column for bottom column* (Acid Alumina) 
Note:  Upper and lower columns are piggy backed for IFB cleanup, upper column only can be used 
for additional cleaning. 
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Figure 3—  D2 Carbon Column: 
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APPENDIX A — Screening the Laboratory for 2,3,7,8 Congeners 
 
This procedure is designed for the periodic evaluation of potential contamination by 2,3,7,8-
substituted PCDD/PCDF congeners of the working areas inside the laboratory. 

  
PERFORMING WIPE TEST 
Perform the wipe tests on surface areas of two inches by one foot with laboratory wipers saturated 
with distilled-in-glass acetone or appropriate solvent using a pair of clean stainless steel forceps.  
Use one wiper for each of the designated areas.  Combine the wipers to one composite sample in an 
extraction jar containing 200 mL distilled-in-glass hexane.  Place an equal number of unused wipers 
in 200 mL hexane and use this as a control. 
 
SAMPLE PREPARATION 
Close the jar containing the wipes and 200 mL hexane and extract for 20 minutes using a wrist-
action shaker.  Use an appropriate means to reduce the volume to approximately 1.0 mL.  Put 
through an alumina column to clean up potential interfering compounds.  Add appropriate amount of 
recovery standard.  

 
EXTRACT ANALYSIS 
Concentrate the contents of the vial to a final volume of 20 μL (either in a minivial or in a capillary 
tube).  Inject 2 μL of each extract (wipe and control) onto a capillary column and analyze for 
2,3,7,8-substituted PCDDs/PCDFs as specified in the analytical method Section 11 (this exhibit). 
Perform calculations according to Section 12 (this exhibit). 

 
REPORTING FORMAT 
Report the presence of 2,3,7,8-substituted PCDDs and PCDFs as a quantity (pg or ng) per wipe test 
experiment (WTE).  Under the conditions outlined in this analytical protocol, a lower limit of 
calibration of 25 pg/WTE is expected for 2,3,7,8-TCDD.  A positive response for the blank (control) 
is defined as a signal in the TCDD retention time window at any of the masses monitored which is 
equivalent to or above 8 pg of 2,3,7,8-TCDD per WTE.  For other congeners, use the multiplication 
factors listed in Table 1, footnote (a) (e.g., for OCDD, the lower MCL is 25 x 5 = 125 pg/WTE and 
the positive response for the blank would be 8 x 5 = 40 pg).  Also, report the recoveries of the 
internal standards during the simplified cleanup procedure. 
 
FREQUENCY OF WIPE TESTS 
Wipe tests should be performed when there is evidence of contamination in the method blanks. 
 
CORRECTIVE ACTION 
An upper limit of 25 pg per TCDD isomer and per wipe test experiment is allowed.  (Use 
multiplication factors listed in footnote (a) from Table 1 for other congeners.)  This value 
corresponds to the lower calibration limit of the analytical method.  Steps to correct the 
contamination must be taken whenever these levels are exceeded.  To that effect, first vacuum the 
working places (hoods, benches, sink) using a vacuum cleaner equipped with a high-efficiency 
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particulate absorbent (HEPA) filter and then wash with a detergent.  A new set of wipes should be 
analyzed before anyone is allowed to work in the dioxin area of the laboratory.  
 
The test results and the decontamination procedure must be reviewed with EH&S. 
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GZA GEOENVIRONMENTALA  INC. 
 140 BROADWAY, PROVIDENCE, RHODE ISLAND 

PROJECT REPORT SHEET 	No 	Z- 0 
SHEET 
FIo. 

NBY 	  CHKLED. trfeNKIIE ef 	AP T  R GEOTECHNICAL/GEOHYDROLOGICAL CONSULTANTS 

BORING Co. 	GZA DRILLING, INC. 	 BORING LOCATION 	SEE LOCATION_ 
FOREMAN 	 lAIKlb LOU-1145 	

Orelatir90/W011421  GZA ENGINEER 	MAKL UALFt 	 -DXT IE-E NPLA  

SAMPLER: UNLESS OTHERWISE NOTEL.OMPLELOONSISTS OF A-2" SPLIT 
SPOON DRIVEN usING A 140 to. RANIER FALLING 30I 

CASING: UNLESS OTHERWISE VOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 

CASING SIZE: 	HSA 3 3/4" ID 	OTHER: 

GROUNDWATER 	READINGS 

DATE TIME WATER CASING STABILIZATION TIME 

Nit Iii  51; IL 

1! 121416  
20 DAYS 
6 WEEKS 

D 
E 
P 
T 
H 

C 
A L 
S 0 
N W 
G S 

SAMPLE SAMPLE 	DESCRIPTION 

Bunmister CLASSIFICATION 

STRATUM 

DESCRIPTN INSTALLED 

EMIN ENT FIELD 
TESTING 

PID FID ODOR 

R 
E 
M 
K 
S No. 

PEN./ 
REC. 

DEPTH 
(Ft.) BLOWS/6P 

5 

10 

15 

20 

25 

30 

35 

S-1 24/16 0.2-2.2 7-10 Vedium dense, brown, coarse to 
fine+ SAND, lame +Silt, same Gravel 

MK dense, grey, coarse tg fine+ 
and Gravel, little+ Silt 

APPARENT TOP OF BEDROCK 

SILTY 
GRAVELLY 

SAND 

8. 

C 

E
SE  

Grout 

0.6 

ND 

ND 

4.2 

ND 

ND 

SL 

14-10 

S-2 24/6 5-7 8-27 

6' 

--- 

46- 
V-- 
4:-- 

S 

4-- 
.E-- 
.E--.  
41-- 

Seal 
 

Bent. 

9.5' 

Fi Slter 
and 

19.5,  

- 
37-30 

71 

Weathered SHALE WEATHERED 
SHALE 

S-3 20/20 10-11.7 5-16 

50-100/2" 

End of Exploration at 20'+ 

REMARKS: 	1. 	Soil head space screening was performed 	toying a Century Systems Model QVA-128 equipped with a 
hydcogen flame lo nation detector (FID), and a HNU 	tem.m9del PI-101 photdionization detector 	PIP) 
'quipped with a 1 .Z 9y 'amp,. 	Readings are in parts per mitiion (ppm). 	ND Indicates not detect 	above 
instrUment detect on limit of 0.1 ppm. 

3. N = no odor 	SL=s 	ht odor 

	

. 	Slight petadeumr Ike odor noted from 0-2/+. 1 
4. 1Q,  of 	02" slotted, 2.00  diameter, SO 40, PVC wellscreen was placed from 19.5,  up to 9.5'+ and topped 

with 9,5'+ of solid-PVC riser tube; 	Filter ;avid waio:oured ts to 71+ and a bent rite seal placed from 7,  
up to 68,+, 	Bentonite/cement grout was piecedfrom 	s up to t e surface. 	The well head WW1 leaped at 
creole with a num mounted, 1,  tong, aluminum curb 	grout 	in place. 	(surface seat: zlxz,x4" concrete 
pad).  

	

NOTES: 	1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES 	TRANSITIONS NAY BE GRADUAL. 
Z) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER COM/MONS STATEDA  FLUCTUATIONS OF GROUNDWATER 

THAN THOSE PRESENT AT THE TIME 	 WERE MADE GZA 	MAY OCCUR DUE TO OTHER FACTORS 	 MEASUREMENTS 
!BORING No.GZ-301 



GZ4 GEOENVINONMENTAL„ INC. 
14U BROADWAY, PROVIDENCE, RHODE ISLAND 

PROJECT REPORT OF BORING No 	GZ- 

DEFENSE FUEL SUPPORT POINT 
Thilir-nour-s-pa rr 

SHEET 
FILE No. 
CHM. BY GEOTECHNICAL/GEOHYDROLOGICAL CONSULTANTS 

BORING Co. 	 GZA DRILLING, INC. 	 BORING LOCATION 	SEE LOCATION PLAN 
FOREMAN 	 4mmrs LENLING 	 GROUND SURFACE tUVAilUM 	 uAlum 
GZA ENGINEER 	MARK DAVE 	 DATE START 	11/01/94 	UAlt WU) 	11/02/94-------  

SAMPLER: UNLESS OTHERWISE NOTED. SAMPLER CONSISTS OF A 2" SPLIT 
SPOON DRIVEN USING A 140 lb. HAMMER FALLING 3 	In. 

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 

CASING SIZE: 	NSA 3 3/4" ID 	OTHER: 

GROUNDWATER 	READINGS 

DATE TIME WATER CASING STABILIZATION TIME 

11-3-94 0730 26.4 OW 18 HOURS 

11-21-94 26.1 OW 2 WEEKS 

D 
E 
P 
T 
H 

A  
C B 
L 

S 0
N W 
G S 

SAMPLE SAMPLE 	DESCRIPTION 

Burmister CLASSIFICATION 

STRATUM 

DESCRIPTN 

EQUIPMENT 

INSTALLED 

FIELD 
TESTING 

PID FID ODOR 

E 
M 
K 
S No. 

PEN./ 
REC. 

' 	DEPTH 	. 
(Ft.) BLOWS/6" 

10 

15 

20 

25 

30 

35 

40 

S-1 24/20 0-2 4-8 Medium dense, brown/gray, coarse 
to fine+ SAND, little+ Gravel, 
little Silt 

um dense, tan, fine SAND, Medi 	
t some Sil 

Very dense, gray, coarse to.fine+ 
SAND and Gravel, little + Silt 

SILTY 
GRAVELLY 

SAND 

P 
V 
C 

R 
I 
S  
E 
R 

--- 

46-fl 
-V.- 
-C-- 

.R-- 
-E-- 
-E-
41-- 
---1 

---1 
--- 

--- 
--- 

"-- 
----1 

----1 

kl: 

Grout 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

N 

14-22 

3' 
SILTY 
SAND 

._ 

S-2 24/7 5-7 6-12 

14-18 6'  Bent. 
Seal-- 

9.5' 

Filter 
Sand 

39.5' 

71  

SILTY 
GRAVELLY 

SAND 

7'  

S-3 24/19 10-12 14-22 

38-48 

APPARENT TOP OF BEDROCK 

REFUSAL: SHALE 

END OF EXPLORATION AT 40' 

12' 

SHALE 

S-4 1<1 15-15.1 100/1" 

--- 

REMARKS: 	I. 	Soft head spece screening was performed employing a Century Systems Model QVA-128 equipped with a 
hydrogen flame ionization detector (FID), and a HNU System model P1-101 photoionization detector 	PID) 
equipped with a 1Q.Z 

Limit  
(amp. 	Readings Are in parts per million (ppm). 	ND indicates n9t detect 	above 

instrument detection 	imit of 0.1 ppm. 	2. N = ho odor. 	3. No visual olfactory indications of contamination noted. 
4. 	3Q' of ,O2" slotted 	.0" diameter, Sch 40, PVC wellsd.een was placed from 39.5' up to 9.5'+ and topped 

with 9.5'4. of solid PVC riser tube. 	Filter sand was poured up to 7'+ and a bentinite sea 	placed from 7' 
up to 6'4.. 	Bentonite/cement grout was placed from 6' up to the surface. 	The we lhead was secured with a 
flush mounted 1' long aluminum curb box grouted into the surface (surface seal: 	i x.2')(4" concrete pad). 

NOTES: 	1) STRATIFICATION  LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES, TRANSITIONS MAY BE GRADUAL. 
Z) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STATED, FLUCTUATIONS OF GROUNDWATER 

FACTORS THAN THOSE PRESENT AT THE TIME 	 WERE MADE 
GZA 	MAY OCCUR DUE TO OTHER 	 MEASUREMENTS 

!BORING No.GZ-314 



GZA IfflagarTIMEN1r.RHODE ISLAND 
PROJECT REPORT OF BORING No, GZ-318 

SHEET 	1 	ur 	I 
DEFENSE FUEL SUPPLY CENTER  FILE No. 	-3T288.9---  

CHKD. BY 	Asu GEOTECHNICAL/GEOHYDROLOGICAL CONSULTANTS TANK FAKM .5. YUKSIMUMM, HI 

BORING Co. 	 GZA DRILLING., INC. 	 BORING LOCATION 	REFER TO EXPLORATION LOCATION PLAN 
FOREMAN 	 LHRIS LhNLING 	 GROUND SURFACE ELEyAlI 	 DAIUM ON 
GZA ENGINEER 	mum DALft 	 DATE START 	11/14/95 	DAlt ENV 	11/15/95------ 

SAMPLER: UNLESS 	NOTED. SAMPLER CONSISTS OF A 2" SP 
SPOON DRIVEN USING A 	

SPLIT 
140 lb. HAMMER FALLING 3 

2
0 In. 

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 

COL- CASING SIZE: 3 3/4" HSA TO 18'+ 	OTHER: 	NX TYPE ROCK CO 	COL- 
LECTED FROM 19' - 29'+ 

GROUNDWATER 	READINGS 

DATE TIME WATER CASING STABILIZATION TIME 

11-15-95 0740 14.8 19' 17.5 HOURS 

11-16-95 0730 15.2 WELL 21 HOURS 

11-27-95 11-27-95 0915 15.1 WELL 12 DAYS 

0 
E 
P 
T 
H 

C B 
A L 

N W 
G S 

SAMPLE SAMPLE 	DESCRIPTION STRATUM 

DESCRIPTION 

EQUIPMENT 

INSTALLED 

FIELD 
TESTING 

PID FID ODOR 

R 
E 
M 
K 
S No. 

PEN./ 
REC. 

DEPTH 
(Ft.) BLOWS/6" 

5 

10 

15 

20 

25 

30 

35 

S-1 24/19 0-2 12-14 Medium dense, brown, TOPSOIL changing 
at 0.51+ to tan/gray, coarse to fine+ 
SAND and Gravel (FILL) 

Very dense, gray/orange-brown, coarse 
to fine+ SAND and Gravel, 	Little+ 
Silt 	(TILL) 

APPARENT TOP OF BEDROCK 

TOPSOIL 1 
.8' 

P I-- 4.0 

ND 

22 

0.4 

N 

N 

1 
2 

3 

4 
5 

V 
C 

R 
I 
S 
E 
R 

BENT. 
GROUT 0.5' 

RE-WORKED 
TILL 

(FILL) 

8-6 

3' 

TILL 
5,  

--- 
__ --- - --- --- --- --- --- --- --- ------ --- 
--- 
--P. 
--V-
--C- 

S 
--C- --Ft-
-4E- 
--E- 
–41- 
--- 
--- 
-- 
--- --- 
-_- 
--- 
--- 

--- - 
--- --- --- --- — 

BENT. 
SEAL-- 

8' 

FILTER 
SAND 

28'+ 

S-2 24/18 5-7 18-25 

6' 30-27 

Soft, moderately weathered, Toderately 
fractured. (horizontal to 60 	tracture 
ang les) with iron stained fracture 
surfaces 	light gray, slightly meta- 
morphosed SHALE. 	Two approximate 5" 
layers of slightly metamorphosed SILT- 
STONE 

Soft, fresh, very slightly fractured 
(40-fracture angles) with non 
stained tracture surfaces, light gray 
slightly metamorphosed SHALE. 

8.5,
WEATHERED 

SHALE 

	 7 

-CORE/TIME 
MIN.JFT. 

19' 
MODERATELY 

WEATHERED 
SHALE 

1.5 
----1-R 

C-1 
1 

60/58 19-24 RQD=35X 

1.3 REC=97% 

1.5 

1.5 

1.0 

1.0 
-----R 

C-14 
2 

60/48 24-29 RQD=67% 
REC=80% 24' 

FRESH 
SHALE 

1.0 

0.8 

0.8 

1.2 

END OF EXPLORATION AT 29'+ 

1 	Soil headspace screening was conducted employing a HNU systems Model p1-101 photoignization detector (PID 
equipped with a 10.2 eV lamp and a Century Model OVA-128 equipped with a hydrogen flame ionizat i on detector 
(FID). 	Readings are reported in parts per million (ppm). 	ND Indicates not detected above the instrument de- 
tection limit of 0.1 ppm. 

2. N indicates no odor. 
3. Strong petroleum-like odor noted in SHALE cuttings (15-18,+); FID readings of >10 ppm were containerized 

(approximate 15 gallon volume of rock cuttings). 
4. 2017 of ,02" slotted, 2.0" di ameter, Sch 40 PVC well screen was placed from 28'+ up to 8'+ and topped with 8' 

of solid PVC riser tube. 	Filter sand was poured up to 6,+ and a bentonite seal (hydrated upon placement) placed 
from 6' up to 5'+. 	Bentonite grout was placed from 5' up to 0.8'+. 	The wellhead was secured with a 0.8 	long 
flush mounted aluminum curb box grouted into.the surface with concrete (2'x2'x4" thick concrete). 

a
11  Approximately 80 gallons of drill water remained in the formation upon well completion. 	

'BORING No.GZ-318 
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